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PROTOTYPE  OIL  SHALE  LEASING  PROGRAM 

FEDERAL  TRACT  C-a 
EXPLORATORY  PLAN 


1.0  INTRODUCTION 

In  compliance  with  Section  10(d)  of  the  oil  shale  lease,  Gulf 
Oil  Corporation  and  Standard  Oil  Company  (Indiana)  hereby  submit  for  ap- 
proval an  Exploratory  Plan  which  specifies  the  data-gathering  program  and 
office  studies  proposed  for  Federal  Tract  C-a.  Prior  to  such  approval, 
Gulf  and  Standard  will  file  a  bond  in  such  an  amount  as  the  Mining  Super- 
visor shall  require  for  conduct  of  the  Exploratory  Plan. 

The  Exploratory  Plan  details  Gulf  and  Standard's  plans  for  ob- 
taining environmental  baseline  data,  establishing  monitoring  programs, 
and  collecting  resource  data  needed  to  make  the  office  studies  which  will 
culminate  in  selection  of  mining  and  processing  steps  for  the  Detailed 
Development  Plan.  Based  on  field  data  to  be  obtained  mostly  in  1974,  ex- 
tensive planning  and  evaluation  studies  of  the  various  mining  and  proces- 
sing alternatives  will  be  made  in  1975.  Plans  are  to  submit  the  Detailed 
Development  Plan  by  early  1976. 

The  Exploratory  Plan  may  be  supplemented  or  modified  as  indi- 
cated by  analysis  of  the  data  as  it  is  gathered,  but  such  changes  in  scope 
will  not  be  made  without  prior  approval  of  the  Mining  Supervisor  in  con- 
formity with  the  lease  regulations. 

The  baseline  data  will  be  the  basis  for  determining  environmen- 
tal effects  as  the  lease  is  developed.  It  is  Gulf  and  Standard's  intent 
not  only  to  measure  baseline  conditions  for  2  years  as  stipulated  by  lease 


requirements,  but  also  to  monitor  selected  parameters  continuously  until 
all   lease  activities  cease. 

The  environmental   portion  of  this  plan  will  constitute  a  major 
part  of  the  overall   effort  during  the  next  two  to  three  years.     Meteor- 
ology, air  quality,  and  certain  other  minor  tasks  can  be  fairly  well   de- 
fined at  this  time  and  initiated  almost  immediately  after  approval.     Bio- 
logical  studies,  revegetation  experiments,  and  archaeological   surveys 
necessarily  require  a  two-phase  approach:     Phase  I  to  define  the  exact 
problems  to  be  solved  and  the  methods  and  parameters  needed  to  solve  them; 
Phase  II  to  implement  the  recommendations  made  in  Phase  I. 

In  accordance  with  the  lease  regulations,  no  portion  of  the 
field  data-gathering  program,  presented  herein,  is  considered  to  be  a  part 
of  the  Detailed  Development  Plan  itself.     Field  experimental  work,  to  the 
extent  of  digging  test  pits  or  shafts  for  mine  development  or  the  erection 
and  operation  of  pilot  or  prototype  retort  plants,  is  not  presently  con- 
templated by  Gulf  and  Standard  during  the  exploratory  period.     Development 
work  of  this  nature,  if  required,  would  more  likely  be  a  part  of  the 
Detailed  Development  Plan. 

Map  enclosures  2  and  4  (found  in  the  pocket  at  the  back  of  this 
report)  show  locations  of  proposed  drill   holes,  baseline  measurement  sta- 
tions, power  lines  and  access  roads  both  on  and  off  Tract  C-a.     In  cases 
where  these  locations  are  on  public  lands  that  are  not  a  part  of  Tract  C-a, 
special   land  use  permits  will  be  obtained  as  needed  from  the  Bureau  of 
Land  Management. 

The  projected  employment  total   is  low,  indicating  that  socio- 
economic effects  from  the  Exploratory  Plan  work  will  not  be  significant. 


A  maximum  of  about  100  people  will  be  employed  at  the  lease  tract,  con- 
sisting primarily  of  drilling  crew  personnel  during  the  peak  of  the  1974 
drilling  program.  Only  a  few  people  will  be  employed  in  the  field  after 
the  drilling  programs  cease;  they  will  be  seasonally- varying  personnel 
making  biological  inventories  plus  a  small  year-round  staff  conducting 
the  monitoring  programs. 

Gulf  and  Standard  will  keep  local,  state  and  federal  planning 
bodies  fully  advised  of  the  larger  future  employment  projections  asso- 
ciated  with  the  construction  and  operation  of  the  initial  commercial  in- 
stallation. Such  advisement  will  be  made  as  soon  as  possible  after  Gulf 
and  Standard  have  developed  the  projections  which  probably  will  be  no 
sooner  than  mid-1975.  The  actual  rise  in  employment  would  not  begin  until 
after  approval  has  been  obtained  for  the  Detailed  Development  Plan.  This 
should  be  early  to  mid-1976. 
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2.0  BIOLOGY,  SOILS,  REVEGETATION  AND  RECLAMATION 

The  studies  described  in  this  section  cover  the  biology  of  soil, 
air  and  water.  Since  such  data  not  only  are  needed  for  the  baseline  inven- 
tory program  to  describe  present  conditions,  but  also  are  partially  neces- 
sary for  development  of  a  revegetation  and  reclamation  plan,  these  latter 
have  been  included  in  the  section. 

2.1  PURPOSE 

The  reason  for  these  studies  is  to:  (a)  conduct  a  comprehensive 
24-month  inventory  of  the  Tract  C-a  environment  and  the  surrounding  area 
within  a  five-mile  radius  or  as  indicated  otherwise;  (b)  provide  a  base- 
line to  evaluate  changes  in  community  structure  associated  with  oil  shale 
development;  (c)  refine  long-term  monitoring  programs  using  the  foundation 
laid  by  this  baseline  inventory;  (d)  determine  if  there  are  any  rare  or 
endangered  species  that  will  be  affected  by  oil  shale  development;  (e)  de- 
velop the  information  necessary  for  a  fish  and  wildlife  management  program 
to  be  applied  in  and  around  Tract  C-a;  (f)  describe  the  condition  of  the 
ecosystem  prior  to  the  mining  operations.  This  description  will  form  the 
basis  for  making  decisions  to  insure  that  affected  lands  will  be  reclaimed 
and  revegetated  to  a  usable  and  productive  condition  consistent  with  or 
equal  to  pre-existing  land  uses  in  the  area  and  will  be  compatible  with 
existing,  adjacent  areas. 

2.2  SCOPE 

The  baseline  inventory  program  will  be  divided  into  two  distinct 
phases.  Phase  I  will  be  approximately  three  months  in  duration  and  will 


consist  of  three  key  elements:  (a)  literature  review,  (b)  interviews, 
and  (c)  specific  site  studies.  These  elements  are  essential  to  define 
exactly  the  experimental  and  reference  areas  as  well  as  the  scientific 
methods  most  appropriate  for  the  biological  systems  in  these  areas. 

Reviews  of  existing  literature  will  include,  but  not  be  limited 
to,  the  following  reports:  Final  Environmental  Impact  Statement:  Pro- 
totype Oil  Shale  Leasing  Program;  Colorado  Department  of  Natural  Resources 
and  Bureau  of  Land  Management  reports;  Thorne  Ecological  Institute  Report: 
An  Environmental  Reconnaissance  of  the  Piceance  Creek  Basin;  Colorado 
State  University  Report  of  Surface  Rehabilitation  of  Land  Disturbances 
Resulting  from  Oil  Shale  Development;  the  Institute  of  Ecology's  commen- 
tary on  the  Department  of  the  Interior's  EIS;  and  any  others  pertinent 
to  this  project. 

Interviews  will  be  conducted  with  appropriate  federal  and  state 
scientists  to  establish  further  the  base  of  existing  information. 

Site  studies  will  be  made  as  a  necessary  prerequisite  to  deter- 
mining the  location  of  specific  sampling  areas  and  to  determine  proper 
sampling  parameters  for  the  conduct  of  Phase  II  of  the  baseline  inventory 
program. 

Phase  II  will  begin  in  the  summer  of  1974  and  extend  into  1976. 
It  will  involve  the  bi-monthly  gathering  of  data,  data  analyses  and  pre- 
paration of  reports.  The  inventory  program  will  collect  data  bearing  on 
species  diversity,  on  community  structure,  function  and  productivity,  on 
community  stability  and  successional  relationships,  and  on  population 
dynamics  of  Tract  C-a  and  the  surrounding  region.  Particular  attention 
will  be  given  to  those  species  of  plants  and  animals  that  are  sensitive 


indicators  of  ecological  stress  (such  as  herbaceous  plants,  beetles,  rap- 
tors, voles,  etc.). 

2.3  OVERVIEW  OF  GENERAL  PROGRAM 

2.3.1  SOILS 

Soil  survey  investigations  conducted  during  the  study  period 
will  follow  standard  Soil  Conservation  Service  approaches  and  will  be  made 
to  develop  a  soil  map  showing  soil  profiles  and  composition.  Information 
important  to  the  area  from  the  standpoint  of  vegetation  production,  habi- 
tat enhancement,  and  erosion  potential  will  be  included  in  the  report. 

Soil  and  overburden  samples  will  be  collected  and  analyzed  for 
physical  and  chemical  properties  and  classified  by  type.  In  addition, 
slope  angle  information  will  be  taken  to  assist  the  calculation  of  mois- 
ture retention  properties. 

2.3.2  VEGETATION 

A  detailed  description  will  be  completed  for  all  present  commu- 
nity types  found  within  and  in  the  vicinity  of  Tract  C-a.  Estimates  of 
net  primary  productivity  of  the  communities  will  be  made  to  provide  infor- 
mation about  food  chains  and  biomass  cycling.  Species  diversity  and  alpha 
and  beta  diversity  indices  will  be  made. 

Community  composition,  basal  area  cover,  relative  frequency, 
DBH  measurement,  relative  abundance,  seasonal  variation,  and  age  will  be 
measured.  Appropriate  microclimatic  data  from  each  major  plant  community 
will  be  collected. 


Disjunct  and  unique  populations,  rare  or  endangered  species,  and 
species  of  aesthetic,  recreational,  or  economical  value  will  be  identified 
and  their  abundance  and  distributions  described. 

Based  on  observations  made  during  the  field  programs,  the  litera- 
ture review,  and  any  other  information,  biotic  successional  processes  will 
be  described.  A  projection  of  their  normal  sequence  and  interrupted  se- 
quence in  the  areas  of  concern  will  be  made. 

2.3.3  INVERTEBRATES 

A  survey  of  species  diversity  and  temporal  fluctuations  in  popu- 
lation densities  will  be  made  of  surface  and  subsurface  inhabiting  arthro- 
pods. An  assessment  will  be  made  of  the  importance  of  these  to  food  chain 
relationships  and  community  dynamics. 

2.3.4  AMPHIBIANS  AND  REPTILES 

Literature  will  be  reviewed  and  field  studies  will  be  performed 
to  determine  the  presence  of  amphibian  and  reptilian  species.  Rare,  unique, 
or  endangered  status  will  be  ascertained.  Particular  attention  will  be 
given  to  the  Short-horned  Lizard  (Phrynosoma  douglassi)  and  to  the  Sagebrush 
Lizard  (Sceloporus  graciosus)  which  are  sensitive  to  environmental  stress. 

2.3.5  BIRDS 

Surveys  will  be  made  on  and  about  Tract  C-a  to  identify  species, 
seasonal  occurrence,  abundance,  and  nesting  of  birds.  Particular  attention 
will  be  directed  toward  raptor  and  game  species. 


2.3.6  MAMMALS 

Studies  of  the  mammalian  fauna  will  include: 

(a)  Mark  and  recapture  surveys  to  determine  species  diversity, 
population  densities,  and  distributions  of  small  mammals. 
Emphasis  will  be  placed  upon  species  such  as  voles  that  are 
indicators  of  environmental  stress.  Stomach  samples  will 
be  randomly  collected  and  analyzed  to  determine  niche  rela- 
tionships. An  effort  will  be  made  to  determine  whether  rare 
and  endangered  species  (Black-footed  Ferret,  Spotted  Bat, 
etc.)  are  present  and  how  they  would  be  affected  by  oil  shale 
development. 

(b)  Investigation  of  large  mammal  populations  will  be  made  by 
direct  observations  of  individuals,  tracks,  scat,  evidence 
of  browsing,  etc.  Particular  attention  will  be  paid  to  the 
numbers  and  feeding  habits  of  deer,  elk,  and  wild  horses  re- 
siding in  or  migrating  through  the  areas  of  concern. 

2.3.7  AQUATIC  ECOSYSTEMS 

Aquatic  studies  will  concentrate  on  defining  kinds  of  aquatic  habi- 
tats that  will  be  affected  by  oil  shale  development  on  and  about  Tract  C-a. 
Species  composition,  productivity  of  these  systems  and  importance  to  man, 
and  relative  uniqueness  of  the  habitats  or  species  will  be  determined.  Such 
aspects  are  related  to  potential  or  actual  project  impacts.  Studies  will 
include  a  continuation  of  literature  surveys  and  interviews,  as  well  as  col- 
lection and  analysis  of  field  data.  .  Since  most  of  the  viable  aquatic  eco- 
system occurs  off  Tract  C-a,  and  because  on-tract  streams  are  intermittent,  the 


majority  of  the  following  studies  will  take  place  off  the  tract.  Specific 
research  in  the  inventory  program  will  involve  the  following  areas: 

(a)  Habitat  types  will  be  surveyed  to  provide  a  basis  for  meas- 
uring changes  due  to  water  flow  and  water  quality. 

(b)  The  presence  and  abundance  of  aquatic  macrophyte  communities 
will  be  determined  when  appropriate,  random  transects  will 
be  used  along  stream  banks,  and  species  composition  and 
estimates  of  percent  area  covered  will  be  made. 

(c)  Although  plankton  are  not  normally  an  important  part  of  the 
food  chain  in  high  altitude  lotic  habitats,  their  abundance 
and  composition  will  be  measured  by  random  samples,  if  found 

(d)  The  abundance  and  species  composition  of  periphyton  will  be 
assessed  by  scraping  a  known  area  of  rock  or  by  following 
growth  on  artificial  substrates.  Because  periphyton  stay  in 
one  location,  they  are  more  important  in  lotic  systems  than 
plankton  and  may  show  a  clinal  change  from  a  discharge  point, 
The  biomass  per  unit  area,  an  index  to  their  importance  as 

a  primary  producer  in  the  systems,  will  be  determined. 

(e)  Data  to  calculate  species  diversity  indices  and  to  assess 
stress  conditions  relating  to  benthos  will  be  collected. 
Benthos  may  be  expected  to  be  the  main  source  of  transfer 
of  energy  from  periphyton  and  detritus  to  fish  populations 
in  the  streams. 

(f)  Field  studies  of  fish,  the  highest  level  carnivore  in  an 
aquatic  habitat,  will  determine  species  composition,  rela- 
tive importance  of  each  species  to  its  community,  identi- 


fication  of  species  which  are  likely  to  be  the  most  sensi- 
tive to  changes  in  physical  or  chemical  conditions  of 
their  environment,  productivity  of  the  community,  exis- 
tence of  rare  or  endangered  species  and  species  of  econom- 
ic, aesthetic  or  recreational  value  to  man.  Creel  census 
programs  to  determine  fishing  pressure  and  success  will  be 
used  in  conjunction  with  other  studies. 

2.4  CRITERIA  FOR  LOCATION  OF  SAMPLING  STATIONS 

Following  are  general  scientific  guidelines  establishing  cri- 
teria for  the  location  of  sampling  stations.  Location  and  number  of 
specific  sampling  stations  and  traverses  are  necessarily  dependent  upon 
completion  of  Phase  I  studies. 

2.4.1  TERRESTRIAL 

The  locations  of  sampling  stations  within  Tract  C-a,  on  imme- 
diately adjacent  areas  (perimeter),  and  on  surrounding  land  within  the 
five-mile  radius  will  be  determined  so  as  to  provide  data  from  comparable 
biotic  communities.   In  addition,  any  major  biotic  community  found  within 
the  five-mile  radius,  but  not  on  the  lease,  will  be  monitored. 

In  order  to  monitor  natural  variation  within  each  major  commu- 
ity,  specific  sampling  sites  will  be  located  where  there  is  the  most 
homogeneity  of  vegetation. 

2.4.2  AQUATIC 

The  general  locations  of  aquatic  sampling  stations  will  be  de- 
termined so  as  to  provide  data  from  comparable  habitats  and  communities 
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directly  affected,  indirectly  affected,  and  unaffected  by  oil  shale  de- 
velopment on  Tract  C-a. 

Specific  locations,  to  include  Yellow  Creek  near  its  conflu- 
ence with  the  White  River,  will  be  chosen  to  represent  appropriate  type 
habitats. 

2.5  SAMPLING  METHODS  AND  ANALYSES 

The  sampling  methods  described  in  the  following  paragraphs  are 
general  approaches  based  on  limited  site-specific  information.  Therefore, 
they  should  be  considered  as  being  tentative  and  subject  to  modification 
as  is  deemed  necessary  during  Phase  I. 

2.5.1  SOILS  AND  OVERBURDEN 

All  available  information  pertaining  to  the  soils  of  Tract  C-a 
and  its  environs  will  be  compiled  and  a  survey  will  be  made  of  soil  types 
found  on  these  lands.  The  soils  report  will  include  verbal  descriptions 
and  a  map  of  the  kind  contained  in  standard  Soil  Conservation  Service 
soil  survey  reports.  Comments  indicating  the  suitability  of  the  soils 
for  topdressing  of  spoils  will  be  included. 

Drill  cuttings  of  topsoil  and  overburden  from  various  locali- 
ties on  lands  to  be  affected  by  Tract  C-a  oil  shale  development  will  be 
obtained.  Samples  representative  of  topsoil  and  each  kind  of  subsurface 
stratum  will  be  subjected  to  the  following  laboratory  analyses: 

Arsenic  Mercury 

Sodium  Molybdenum 

Potassium  Nickel 

Calcium  Vanadium 

Magnesium  Zinc 
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Sulfur  Chloride 

Nitrogen  Organic  matter 

Boron  Iron 

Seleium  Water  soluble  sodium 

Cadmium  Water  soluble  potassium 

Chromium  Water  soluble  magnesium 

Coba!lt  Water  soluble  calcium 

Copper  Water  soluble  iron 

Fluorine  Nitrate 

Lead  Available  phosphorus 

Total  exchangeable  cations  Exchangeable  sodium 

Total  water  soluble  salts  pH 

Moisture  Particle  size  distribution 

and  classification 

Based  upon  results  of  these  analyses  and  cl imatological  data, 

a  written  report  will  be  prepared  that  will  include  the  following: 

(a)  Recommendations  where  overburden  materials,  if  any,  should 
be  buried  because  they  are  toxic  or  inhibitory  to  plant 
growth. 

(b)  Recommendations  for  fertilization  and  mulching. 

(c)  Recommendations  on  which  species  of  plants  can  and  should 
be  planted  assuming'  that  the  land  will  be  used  ultimately 
for  livestock  grazing  and  wildlife  habitat.   If  a  differ- 
ent land  use  is  projected,  the  species  of  plants  recom- 
mended will  be  changed  accordingly. 

Trace  elements  will  be  monitored  to  determine  natural  background 
concentrations.  Specific  elements  which  will  be  monitored  (if  in  concen- 
trations high  enough  to  be  significant)  are:  antimony,  arsenic,  boron, 
cadmium,  chromium,  cobalt,  copper,  fluorine,  iron,  lead,  magnesium,  mag- 
nesium, manganese,  mercury,  molybdenum,  nickel,  selenium,  sodium,  vana- 
dium and  zinc.  Other  elements  will  be  monitored  if  their  concentrations 
are  found  to  be  significantly  high. 
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2.5.2  TERRESTRIAL  COMMUNITIES 
2.5.2.1  VEGETATION 

Within  and  surrounding  Tract  C-a,  three  types  of  vegetative 
growth  forms  can  be  recognized:  herbaceous,  woody  shrubs  and  trees. 
Herbaceous  vegetation  includes  grasses,  sedges  and  forbs.  Shrubs  may 
be  defined  as  woody  plants  less  than  three  meters  in  height  and  having 
a  diameter  at  breast  height  (DBH)  less  than  five  centimeters.  Trees  may 
be  defined  as  woody  species  taller  than  three  m  and  with  a  DBH  greater 
than  five  cm. 

Surrounding  the  tract  and  within  it  there  is  a  vegetative  mo- 
saic of  herbaceous  and  woody  shrubs.  This  mosaic  will  be  broken  down 
into  units  of  maximum  homogeneity  and  each  unit  studied  independently  by 
community i and  strata.  Homogeneity  within  each  type  will  be  the  prime 
consideration  in  determining  the  number  of  samples  that  are  adequate. 
Therefore,  the  size  of  quadrats,  or  transects,  or  points  to  be  utilized 
at  any  sampling  site  should  be  determined  in  the  field  during  Phase  I  by 
inspection  and  use  of  a  species  area  curve.  This  curve  can  provide  a 
semi -quantitative  determination  of  the  quadrat  size  necessary  for  an  ade- 
quate sample. 

Each  vegetative  type  area  to  be  sampled  will  be  divided  into 
areas  of  appropriate  size,  these  will  be  numbered,  and  those  to  be  sam- 
pled will  be  determined  by  use  of  a  random  number  table. 

Within  each  of  the  three  general  areas  (lease,  perimeter,  and 
five-mile  radius),  three  permanent  quadrats  each,  will  be  established  for 
herbaceous  and  woody  shrub  communities.  For  a  pinon-juniper  community, 
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the  point-quarter  analysis  will  be  used.  Where  there  are  definite  strata, 
a  nested  quadrat,  approximately  1  m  x  1  m  plot  inside  a  4  m  x  4  m  plot 
may  be  appropriate  to  sample  herbaceous  vegetation  and  woody  shrubs  re- 
spectively. 

Basal  cover,  that  portion  of  the  ground  occupied  by  vegetation, 
will  be  expressed  as  a  percentage  of  total  area.  Frequency,  diversity, 
dominance  and  importance  values  will  also  be  calculated. 

Seasonal  production  (net  productivity)  will  be  estimated  quan- 
titatively at  each  station  during  the  spring  and  summer  seasons  and  end- 
of-season  production  will  be  estimated  in  the  fall. 

Plant  specimens  will  be  collected  in  the  field  during  each  sea- 
son to  establish  a  plant  list  for  all  seasons  and  to  assure  that  important 
plant  species  will  be  collected  in  the  phenological  condition  required 
for  proper  identification.  Examples  of  each  species  will  be  preserved 
for  voucher  specimens. 

Qualitative  estimates  of  epiphyte  infestations  will  be  evaluated 
by  visual  observation. 

2.5.2.2  INVERTEBRATES 

A  survey  will  be  conducted  to  evaluate  the  diversity  of  terres- 
trial invertebrates  on  the  site  and  their  relative  seasonal  abundance. 
Standard  sweepnet  and  aspirator  procedures  will  be  utilized  for  sampling 
aerial  and  vegetative  habitats  while  litter  samples  will  be  used  to  moni- 
tor soil  invertebrates.  Particular  attention  will  be  given  to  population 
size  and  density  of  such  forms  as  beetles  that  are  indicator  species  of 
ecological  stress. 
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2.5.2.3  AMPHIBIANS  AND  REPTILES 

To  evaluate  the  presence  of  amphibians  and  reptiles,  survey 
routes  will  be  established  along  drainages  and  at  sampling  localities. 
These  will  be  surveyed  during  the  regular  bi-monthly  monitoring  periods. 
In  addition,  more  frequent  and  intensive  surveys  will  be  made  during  the 
spring  and  early  summer  breeding  seasons.  During  these  times  of  the 
year,  all  bodies  of  water  (temporary  and  otherwise)  will  be  checked  for 
nocturnal  breeding  of  amphibians.  Records  will  be  kept  of  numbers  and 
species  encountered. 

2.5.2.4  BIRDS 

Permanent  transects  will  be  established  within  each  vegetation 
community  being  sampled.  These  transects  will  represent  the  baseline 
for  the  strip  census.  The  strip  census  will  be  conducted  to  establish 
species  diversity,  distribution  and  population  density  by  season,  and 
area  usage.  A  description  of  the  feeding  habits,  movements  and  migratory 
patterns  will  be  conducted  for  the  more  important  indigenous  species. 

Species  which  are  deemed  to  be  rare  or  endangered,  or  to  be  of 
recreational,  aesthetic,  or  economic  value  to  man  will  be  determined. 

Special  attention  will  be  given  to  resident  and  migratory  rap- 
tors, including  the  Bald  Eagle,  Golden  Eagle,  American  Peregrine  Falcon, 
Arctic  Peregrine  Falcon,  etc.,  that  may  be  affected  by  oil  shale  develop- 
ment. All  areas  to  be  affected  will  be  searched  for  nesting  sites  and 
breeding  areas  at  appropriate  times  of  the  year.     The  number  of  nesting 
pairs  will  be  recorded.  Any  activities  of  these  raptors  in  the  sampling 
areas  wil 1  be  noted. 
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2.5.2.5  MAMMALS 

Small  mammal  populations  will  be  evaluated  by  live  trapping  in 
each  sampling  community,  utilizing  a  mark-recapture  technique.  Trap  grid 
sizes  will  be  altered  to  accommodate  the  conditions  and  total  area  avail- 
able within  any  sampling  station  under  investigation.  All  areas  to  be 
affected  by  Tract  C-a  oil  shale  development  will  be  searched  to  determine 
the  presence  of  prairie  dog  towns  or  other  potential  Black-footed  Ferret 
habitats. 

Numbers  of  large  mammals,  including  deer,  elk,  and  wild  horses, 
will  be  estimated  by  census  and  aerial  counting.  Migratory  routes  will 
be  mapped  within  the  three  sampling  areas  (Tract  C-a,  perimeter  and  five- 
mile  radius)  in  order  to  determine  whether  drift  fences  will  be  effective 
and,  if  so,  where  they  will  be  needed  to  direct  big  qame  movements  around 
or  away  from  oil  shale  development  areas. 

2.5.3  AQUATIC  ECOSYSTEMS 

The  biotic  sampling  program  will  concentrate  on  plankton,  peri- 
phyton,  aquatic  macrophytes,  benthic  macroinvertebrates  and  fish.  The 
following  sections  provide  descriptions  of  sampling  techniques  and  appro- 
priate analyses. 

2.5.3.1  PLANKTON 

Replicate1  plankton  samples  will  be  collected  at  all  appropriate 
sampling  stations.  Samples  will  be  preserved  with  Lugols  solution.  Phy- 
toplankton  samples  will  be  stored  in  a  darkened  room  to  prevent  cells 
from  fading. 
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2.5.3.2  PERIPHYTON 

Rock  scrapings  as  well  as  artificial  substrate  samples  will  be 
used  to  collect  periphyton.  Styrofoam  samplers  will  be  employed  at  se- 
lected stations  with  retrievals  at  appropriate  intervals. 

2.5.3.3  MACROPHYTES 

Aquatic  macrophyte  sampling  will  be  limited  to  qualitative  col- 
lections to  determine  species  composition  and  relative  abundance  of  sub- 
mergent  and  emergent  macrophytes  on  the  site.  Sampling  efforts  will  be 
opportunistic,  according  to  the  phenology  of  the  particular  species  sam- 
pled. 

2.5.3.4  BENTHIC  MACROINVERTIBRATES 

Community  structure  of  benthic  macroinvertebrates  will  be  de- 
termined through  use  of  sampling  dredges.  Triplicate  samples  will  be 
collected  initially  and  later  revised  if  necessary.  Sampling  points 
within  each  station  will  be  chosen  to  represent  a  variety  of  habitat 
types.  Qualitative  samples  will  be  collected  along  the  edges  of  pools 
and  banks.  Drift  organisms  will  be  sampled  with  drift  nets  for  12-hour 
periods  during  spring  and  summer  months.  Species  diversity  will  be 
calculated. 

2.5.3.5  FISH 

Fish  sampling  will  be  conducted  with  appropriate  equipment. 
Creel  census  studies  will  be  made  where  appropriate  to  evaluate  the 
usage  and  importance  of  drainages  for  recreational  fishing.  Fishing 
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efforts  at  each  station  will  be  kept  consistent  so  that  catch-per-unit 
effort  indices  can  be  used  to  evaluate  seasonal  changes  in  relative  a- 
bundance  of  species. 

Length  and  weight  will  be  recorded  on  all  fish.  Scale  or  spine 
samples  will  be  taken  from  selected  sport  and  forage  species.  Condition 
factors  will  be  calculated  in  addition  to  growth  histories  to  further 
characterize  the  overall  suitability  of  the  aquatic  environment.  Addi- 
tionally, the  occurrence  of  any  external  parasites  will  be  noted. 

Evaluation  of  major  trophic  relationships  of  selected  forage 
and  sport  fishes  will  be  made  through  food  habit  studies. 

2.6  REVEGETATION  AND  RECLAMATION 

A  major  reason  for  many  of  the  preceding  terrestrial  vegetation 
and  soils  studies  is  to  establish  an  objective  basis  on  which  to  formu- 
late reclamation  programs  to  return  the  area  to  livestock  grazing  and 
wildlife  habitat. 

There  are  a  number  of  possible  ways  to  accomplish  this  intended 
aim.  Spent  shale  could  be  made  suitable  for  revegetation,  topsoil  and 
overburden  materials  could  be  identified  and  set  aside  for  covering  spent 
shale,  or  some  combination  of  the  two  could  be  utilized.  The  various 
possibilities  will  be  rigorously  explored. 

Research  on  revegetation  of  Tract  C-a  will  be  conducted  during 
the  Exploratory  Phase.  Pertinent  literature  will  be  critically  reviewed, 
established  plots  will  be  evaluated  on  site,  and  available  academic,  gov- 


18 


eminent  and  industry  experts  will  be  consulted.  Growth  chamber  and  plot 
studies  will  be  planned  from  the  results  of  the  initial  study  to  deter- 
mine plant-growth  characteristics  of  spent  shale,  critical  depths  of 
overburden,  possible  revegetation  species,  and  water  and  fertilizer  re- 
quirements. 
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3.0  METEOROLOGY  AND  AIR  QUALITY 

The  following  section  describes  a  comprehensive  meteorological 
and  air-quality  program  designed  to  provide  the  information  necessary  for 
assessing  the  impacts  of  oil  shale  development  on  Tract  C-a.  This  pro- 
gram will  identify  natural  air  flows  and  emissions  to  provide  baseline 
conditions  necessary  to  measure  the  level  of  effluents  from  the  oil  shale 
development  and  to  predict  where  the  effluents  will  go  and  how  they  will 
disperse. 

A  24-month  data-acquisition  period  will  provide  baseline  meas- 
urements. The  exact  influence  of  the  plant  upon  the  concentration  of 
pollutants  in  the  vicinity  can  be  determined  only  after  the  plant  becomes 
operational.  However,  a  good  background  meteorological  and  air-quality 
history  prior  to  the  period  of  construction  and  operation  will  provide  an 
inventory  background  of  baseline  conditions  capable  of  analyzing  trends 
in  the  measurements  to  be  made. 

3.1  METEOROLOGY  PROGRAM 

The  meteorological  program  for  assessing  the  air  flows  relating 
to  Tract  C-a  will  address  two  major  objectives.  The  first  will  be  the 
assessment  of  general  circulation  upper-level  meteorological  conditions 
that  dominate  the  dilution  and  dispersion  of  stack  effluents  from  the  fa- 
cility. The  second  major  meteorological  objective  is  the  assessment  of 
small  scale  or  local  wind  flows  that  may  exist  in  this  region. 

In  addition  to  the  local  and  synoptic-flow  data-collection,  the 
program  will  include  a  visibility  study.  Photographic  techniques  have  been 
developed  for  determining  climatologies  of  visibilities  so  that  the  distance 
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that  one  is  able  to  see  can  be  measured.  Measurements  of  visibilities  at 
regular  intervals  over  two  years  will  be  directed  expressly  towards  the 
long-range  end  of  the  spectrum.  The  theoretical  limits  for  "seeing"  distant 
objects  through  the  atmosphere  is  about  150  miles  and  this  study  will  be 
capable  of  estimating  visibilities  out  to  that  distance. 

Rainfall  and  snowfall  measurements  have  been  included  to  gather 
the  necessary  input  for  the  hydrological  studies. 

Appendix  B  lists  the  specifics  of  these  programs  and  of  the  in- 
strumentation recommended  for  them. 

3.1.1   EQUIPMENT  SPECIFICATIONS  AND  LOCATION 

The  meteorological  program  as  outlined  herein  is  an  expanded 
program  over  that  recommended  in  the  mineral  lease  stipulations  and  will 
provide  a  more  complete  assessment  of  the  meteorological  conditions  at 
Tract  C-a. 

A  more  complete  knowledge  of  the  wind  patterns,  both  synoptic 
and  local,  can  be  obtained  through  the  use  of  two  types  of  data-gather- 
ing equipment:  one  relating  to  permanent  installations  for  long-term 
continuous  data  collection;  the  second  directed  toward  more  intensive, 
but  short-term,  data  collection  intervals.  The  long-term  continuous  pro- 
gram will  utilize  a  tall  tower  located  near  the  south  edge  of  the  tract  on 
the  ridge  just  to  the  south  and  east  of  Box  Elder  Gulch.  This  will 
provide  for  good  exposure  to  upper-level  atmospheric  conditions.  Its 
location  is  shown  on  Enclosure  4.  The  instrumentation  for  the  tall  tow- 
er will  comprise  wind  speed,  wind  direction  and  temperature  and  humid- 
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ity  measured  at  three  levels.  These  levels  will  be  at  the  0-,  10-  and 
60-meter  locations.  The  additional  meteorological  parameters  of  precipi- 
tation, snow  depth,  solar  radiation,  and  humidity  be  recorded  at  ground 
level . 

To  complement  this  tall  tower,  three  wind  stations  will  be  es- 
tablished at  air  quality  stations  on  and  about  Tract  C-a,  for  measurement 
of  wind  speed  and  wind  direction.  These  sensors  will  be  close  to  the 
ground  (10  meters)  and  will  collect  data  to  assess  the  local  wind  flows 
within  the  region. 

3.1.2  SEASONAL  STUDIES 

These  studies  are  of  an  intermittent  nature,  intended  for  more 
intensive  investigation  in  order  to  complement  the  lonq-term  continuous 
programs.  Until  sufficient  data  is  obtained  from  the  permanent  tower  in- 
stallations, exact  specifications  for  these  seasonal  studies  cannot  be 
given.  They  are  intended  to  supplement  the  basic  tower  data  and  fill  in 
any  "holes"  in  the  program. 

Seasonal  studies  may  consist  of  pilot-balloon  releases  with 
theodolite,  temperature,  and  humidity  measurements  as  well  as  a  tracer- 
diffusion  study. 

3.2  AIR-QUALITY  PROGRAM 

All  the  pollutants  listed  in  Appendix  C  will  be  measured.  Air- 
quality  parameters  will  be  measured  at  four  locations  for  two  years,  one 
on  the  lease  tract  at  the  location  of  the  meteorological  tower,  another 
to  be  at  the  location  of  expected  maximum  concentrations,  the  third  and 
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fourth  to  be  located  in  the  surrounding  area  sufficiently  spread  apart  to 
obtain  a  representative  picture  of  the  background  air-quality  parameters. 
It  is  anticipated,  at  this  time,  that  the  three  air-quality  stations  not 
located  at  the  meteorological  tower  on  the  leased  tract  will  be  mobile  in 
nature  so  that  they  can  be  moved  to  different  locations  as  the  need  for 
additional  information  becomes  apparent.  The  locations  of  three  of  the 
four  stations  are  specified  on  Enclosure  4. 

The  primary  purpose  of  the  four  stations  will  be  to  monitor  for 
sulfur  dioxide,  hydrogen  sulfide  and  suspended  particulates.  Over  and 
above  these,  the  four  stations  will  also  monitor  for  hydrocarbons  and  the 
basic  meteorological  parameters:  wind  speed,  wind  direction  and  tempera- 
ture. Oxides  of  nitrogen,  carbon  monoxide  and  ozone  will  be  monitored  at 
two  locations,  one  at  the  main  permanent  station  located  on  the  lease  site 
by  the  meteorological  tower  and  the  second  located  in  a  valley  where  there 
may  be  auto  trafic  in  the  future. 
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4.0  SPECIAL  ENVIRONMENTAL  STUDIES 

Certain  environmental  studies,  investigations,  and  measurements 
do  not  lend  themselves  to  neat  classification,  but  are  still  important. 
This  section  contains  environmental  studies  not  included  in  the  previous 
two  chapters. 

4.1  ARCHAEOLOGY 

Anticipated  development  of  oil  shale  lands  in  the  Piceance 
Creek  Basin  will  result  in  alteration  of  the  physical  nature  of  certain 
parts  of  the  area.   In  accord  with  the  Federal  Antiquities  Act  of  1906, 
investigation  of  any  sites  of  archaeological  potential  will  be  carried 
out  under  a  permit  issued  to  a  recognized  scientific  institution  and  the 
necessary  reports  on  analysis  filed  with  the  permit-granting  agency.  If 
archaeological  sites  are  found  which  would  be  of  sufficient  importance  to 
warrant  excavation  to  recover  additional  information,  this  will  be  under- 
taken to  comply  with  the  Act. 

Reviews  will  be  conducted  of  existing  archaeological  investiga- 
tions, including  a  study  made  in  the  summer  of  1973  by  Colorado  State 
University  and  Thorne  Ecological  Institute.  In  addition,  field  studies 
will  be  conducted  to  survey  and  test  the  archaeological  potential  of 
Tract  C-a  and  surrounding  areas. 

4.2  AESTHETICS  -  SCENIC  VALUES 

The  subjective  evaluations  of  aesthetic  effects  make  the  task 
of  establishing  standard  qualitative  values  extremely  difficult.  There- 
fore, the  parameters  selected  for  assessing  and  evaluating  any  aesthetic 
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effect  must  be  clearly  defined  so  that  a  common  reference  framework  can 
be  provided  for  each  observer. 

For  the  purposes  of  this  study,  the  parameters  adopted  as  basic 
elements  of  the  reference  framework  will  include  three  of  the  five  basic 
human  senses  expressed  as  visibility,  noise  and  odor.  Aesthetic  effects 
also  depend  to  a  large  extent  on  the  time  elapsing  between  occurrence  and 
observation  of  the  action,  and  to  the  relative  distance  between  the  ac- 
tion and  the  observer.  These  parameters  will  be  used  in  subsequent  analy- 
ses of  short-  and  long-term  effects,  that  is,  effects  of  mining  and  re- 
lated activities  on  Tract  C-a. 

Requirements  for  presentation  of  scenic  values  are  covered  by 
the  parameters  discussed  above.  Baseline  information  that  can  be  applied 
to  an  assessment  of  effects  on  aesthetic  or  scenic  values  will  be  gather- 
ed in  other  study  tasks  including  topographic  mapping,  biology,  soils, 
meteorology  and  air  quality.  The  topographic  maps  and  aerial  photomosa- 
ics  will  provide  the  necessary  detail  for  visibility  assessments.  The 
biological  and  soils  surveys  will  provide  information  regarding  areas 
likely  to  be  rated  as  sensitive.  The  baseline-visibility  and  ambient- 
noise  data  gathered  in  the  air-quality  task  will  provide  the  input  for 
further  assessing  effects  on  scenic  values  on  and  near  Tract  C-a. 

4.3  SEISMICITY 

The  purpose  of  performing  a  seismicity  investigation  for  the 
site  will  be  to  determine  the  extent  of  seismic  activity  near  the  site 
due  to  earthquakes. 
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The  results  of  this  investigation  will  then  be  available  for 
inclusion  in  the  environmental  baseline  for  Tract  C-a. 

To  develop  the  information  necessary  for  this  study,  a  litera- 
ture search  will  be  made  to  establish  both  recorded  and  reported  events 
in  the  area.  Contact  with  existing  observatories  and  recording  stations 
will  be  established  in  an  attempt  to  gather  data  on  recorded  events.  Pre- 
liminary investigations  indicate  that  events  within  about  a  300-mile  radi- 
us of  Tract  C-a  should  be  included  in  the  analysis. 

Ground  motion  at  the  site  as  a  result  of  seismic  activity  in 
the  area  will  be  established  after  analysis  of  all  available  data. 

4.4  NOISE  MEASUREMENTS 

Noise  will  be  monitored  at  least  once  per  year  at  a  minimum  of 
six  locations.  The  db-A  weighted  amplitudes  will  be  measured  in  addition 
to  both  the  broad-band  and  octave-band  spectra. 

4.5  AERIAL  PHOTOGRAPHY 

Color  and  color-infrared  photography  can  be  most  helpful  to 
many  of  the  biological  and  soils  studies  for  both  mapping  and  interpre- 
tation purposes.  Further,  photographs  will  provide  comparative  records 
at  known  periods  of  time.  A  description  of  the  size  of  the  overflight 
area  and  approximate  timing  of  overflights  is  contained  in  Section  5.3.1. 

4.6  FISH  AND  WILDLIFE  MANAGEMENT  PLAN 

Lease  stipulations  could  be  interpreted  to  mean  that  a  fish  and 
wildlife  management  plan  should  be  formulated  in  the  Exploration  Plan. 
For  lessees  to  conduct  such  a  management  plan  would  be  to  usurp  govern- 
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mental  authority.  However,  all  cooperation  will  be  extended  to  proper 
governmental  agencies  so  that  they  can  conduct  fish  and  wildlife  manage- 
ment plans  best  suited  to  the  area.  Much  of  the  data  gathered  during 
the  exploratory  phase  should  be  directly  applicable  to  development  of  a 
fish  and  wildlife  management  proposal  for  inclusion  in  the  Detailed 
Development  Plan. 

Need  for  special  management  plans  during  the  development  and 
operational  phases  of  the  prototype  oil  shale  program  on  Tract  C-a  are 
obvious.  Because  of  the  seasonal  nature  and  small  scale  effort  during 
the  exploratory  phase,  need  for  special  game  management  plans  does  not 
appear  necessary  at  this  time. 

The  most  likely  disturbance  during  the  exploratory  phase  may 
be  some  interference  with  big  game  hunting  in  the  immediate  area  of  the 
lease.  Necessary  measures  will  be  taken,  such  as  posting  notices  on  and 
near  the  tract,  to  protect  personnel  from  being  exposed  to  stray  bullets. 
Lessees  will  also  post  in  reasonable  and  conspicuous  places  notices  in- 
forming its  employees,  agents,  contractors,  subcontractors  and  their  em- 
ployees of  all  applicable  laws  and  regulations  governing  hunting,  fishing 
and  trapping. 

4.7  PROTECTIVE  MEASURES 

Protective  measures  for  prevention  of  air  pollution,  fire,  soil 
erosion,  damage  to  fish  and  wildlife  habitat,  and  prevention  of  public 
health  and  safety  hazards  are  described  in  Sections  5.0  and  10.0  and  Ap- 
pendix D. 
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5.0  GEOLOGIC  EXPLORATION  PLAN 


5.1   INTRODUCTION 


The  geologic  exploration  plan  is  designed  to  satisfy  the  needs 
of  engineering,  environmental  and  ground-surface  water  personnel  to  provide 
data  necessary  for  the  optimum  development  of  Tract  C-a's  oil  shale  re- 
sources. For  example,  the  proposed  overflight  area  for  new  aerial  photo- 
graphy far  exceeds  that  considered  essential  for  adequate  geologic  eval- 
uation of  the  tract,  its  immediate  vicinity,  and  two  potential  downstream 
reservoir  dam  sites.  This  relatively  large  overflight  area  will  also  pro- 
vide new  aerial  photo  coverage  for  additional  investigations,  other  than 
geologic,  presented  in  other  portions  of  the  overall  Gulf-Standard  Ex- 
ploratory Plan. 

In  support  of  the  proposed  geologic  exploration  plan  and  to 

more  fully  explain  its  objectives,  a  summary  is  presented  of  the  tract's 
geology  as  currently  known  or  interpreted.  Both  this  geologic  summary 
and  the  geologic  exploration  plan  are  keyed  to  Enclosures  1,  2  and  3  of 
the  overall  Gulf-Standard  Exploratory  Plan. 

5.2  GEOLOGIC  SUMMARY,  TRACT  C-a 

5.2.1   STRUCTURE 

As  shown  on  Enclosure  1,  Tract  C-a  is  regionally  located  on  the 
west  flank  of  the  Piceance  Creek  Basin  about  five  miles  east  of  Cathedral 
Bluffs.  Structure  within  the  tract  as  interpreted  from  available  sur- 
face, subsurface  and  photogeologic  information  is  portrayed  on  Enclosure  2. 
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Beds  within  the  tract  generally  strike  to  the  north  and  dip 
basinward  to  the  east  at  an  average  rate  of  about  200  to  300  feet  per  mile. 
A  low  relief  anticlinal  nose  plunges  southeast  across  the  tract's  southern 
portion.  Three  en  echelon  northwest-trending  grabens  parallel  the  axis 
of  this  structure,  the  most  northerly  of  which  essentially  bisects  the 
tract.  A  fault  mapped  by  the  USGS  east  of  the  tract  may  be  a  southeast 
extension  of  this  graben.  The  central  graben  lies  immediately  north  of 
the  anticlinal  axis.  The  southernmost  graben  appears  to  be  in  direct 
alignment  with  the  USGS-defined  Stake  Springs  Draw  graben  southeast  of 
the  tract  and  may  be  a  northwest  extension  of  that  fault  system.  Within 
the  boundaries  of  the  tract,  fault  displacement  ranges  from  a  few  feet 
to  about  200  feet. 

5.2.2  STRATIGRAPHY 

5.2.2.1  GENERAL 

The  Green  River  Formation  of  Tertiary  Eocene  age  comprises  all 
surface  rocks  within  Tract  C-a.  The  uppermost  Evacuation  Creek  Member, 
consisting  mostly  of  interbedded  sandstone,  siltstone  and  barren  marlstone, 
covers  the  vast  majority  of  the  tract's  surface.  In  some  of  the  major 
drainages,  the  uppermost  beds  of  the  underlying  Parachute  Creek  Member  are 
exposed  in  the  valley  walls.  It  is  this  member  which  contains  the  main 
oil  shale  interval  discussed  in  detail  below.  The  Garden  Gulch  and  Douglas 
Creek  Members  underlie  the  Parachute  Creek  Member  and  are  undifferentiated 
under  Tract  C-a.  These  members  consist  mainly  of  interbedded  true  shale 
and  siltstone  with  some  oil  shale,  limestone  and  sandstone. 


29 


5.2.2.2     OIL  SHALE  SECTION 

Enclosure  3  shows  a  SW-NE  cross  section  approximately  normal   to 
isopach   (oppositional)   strike  of  the  Parachute  Creek  Member's  main  oil 
shale  interval  and  well   portrays  its  stratigraphic  characteristics  through- 
out the  entire  tract.     This  interval   is  generally  defined  at  its  top  by 
the  top  of  the  Mahogany  zone  or  A-groove  and  at  its  base  by  the  Blue  marker 
or  top  Garden  Gulch  Member.     This  lower  boundary  coincides  with  the  base 
of  the  Parachute  Creek  Member's  high  resistivity  zone  on  electric  logs. 
Although  some  rich  oil   shales  occur  immediately  above  and  below  the  main 
oil   shale  interval,  the  thickest  rich  oil   shales  are  within  the  strati- 
graphic  section  between  the  two  markers  described  above.     Both  these  elec- 
tric log  markers  are  regionally  persistent  throughout  the  Piceance  Creek 
Basin  and  are  extremely  useful   in  defining  the  main  oil   shale  interval's 
structure  and  thickness,  both  regionally  and  locally. 

Two  additional  electric  log  markers  shown  on  Enclosure  3  are 
also  excellent  correlative  markers  throughout  the  basin.     The  B-groove 
immediately  underlies  the  Mahogany  zone  and  the  Orange  marker  defines  the 
lower  stratigraphic  limit  of  rich  oil   shale  in  the  uppermost  Garden  Gulch 
Member. 

The  Mahogany  marJcer  is  an  important  lithologic  marker  through- 
out the  Piceance  Creek  Basin.     It  is  an  analcimized  tuff  bed,  generally 
2  to  6  inches  thick.     Within  Tract  C-a,  it  lies  about  25  to  30  feet  below 
the  middle  of  the  A-groove  in  the  uppermost  part  of  the  Mahogany  zone. 

The  main  oil   shale  interval   is  not  uniform  in  oil   content  from 
top  to  bottom,  but  consists  rather  of  alternating  rich  shale  zones  and 
relatively  leaner  oil  shale  zones.     The  areal   persistence  of  these  zones 
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has  long  been  recognized  in  the  literature.  In  1972,  Cashion  and  Donnell 
of  the  USGS  (reference  shown  on  Encl .  3)  published  a  Utah-Colorado  cor- 
relation chart  which  divides  the  main  oil  shale  interval  into  several 
rich  oil  shale  zones  separated  by  leaner  shale  and  designated  Mahogany 
and  R-6  through  R-2  in  descending  order.  As  shown  on  Enclosure  3,  all 
these  rich  zones  are  present  within  Tract  C-a  together  with  two  addition- 
al deeper  rich  zones  which  are  designated  R-l  and  R-0  (R-zero)  using 
the  Cashion-Donnell  rich  zonal  nomenclature. 

The  upper  and  lower  boundaries  of  the  rich  shale  zones  portrayed 
by  Enclosure  3  are  arbitrarily  defined  by  individual  shale  beds  assaying 
25+  G/T  oil.  One  could  take  the  same  three  core  holes'  histograms  and 
using  a  higher  or  lower  yield  for  zonal  boundaries,  arrive  at  thinner  or 
thicker  rich  shale  zones,  respectively.  However,  using  25+  G/T  oil  shale 
as  the  zonal  boundaries  conveniently  separates  rich  zones  from  intervening 
lean  zones  throughout  Tract  C-a. 

As  shown  by  the  inset  map  on  Enclosure  3,  the  main  oil  shale 
interval  regionally  thickens  basinward  toward  the  northeast  across  the 
tract  and  averages  about  900'  within  the  tract.  Its  average  G/T  oil  yield 
also  increases  in  the  same  general  direction  as  evidenced  on  the  histogram 
cross  section. 

The  main  oil  shale  interval  lies  at  a  depth  of  about  100  to  850 
feet  under  Tract  C-a  with  an  average  overburden  thickness  of  about  450  feet, 

5.2.2.3  ACCESSORY  MINERALS 

(a)  Dawsonite  [NaAUOH^Ct^],  a  potential  ore  of  alumina,  is 
present  within  the  lower  portion  of  the  main  oil  shale 
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interval's  R-5  through  R-2  zones  within  Tract  C-a.  It 
occurs  predominately  as  microscopic  crystals  finely  dis- 
seminated throughout  the  oil  shale.  Regional  information 
together  with  USBM  X-ray  diffraction  mineral  analyses  of 
two  Cameron  core  holes  within  the  tract  (CE  707  and  CE  702, 
Encl.  2)  indicate  about  475  to  520  feet  of  dawsonite- 
bearing  oil  shale  is  present  within  Tract  C-a  with  the 
thickness  increasing  basinward  across  the  tract  to  the 
northeast.  Its  concentration  is  highly  variable  ranging 
from  a  few  to  as  high  as  15  weight  percent  in  individual 
thin  beds, 
(b)  Nahcolite  (NaHC03),  a  potential  ore  of  soda  ash,  is  also 
present  within  Tract  C-a,  but  apparently  not  in  signifi- 
cant amounts.  It  probably  was  once  widely  distributed 
throughout  the  entire  main  oil  shale  interval  occurring 
predominately  as  isolated  nodules  rather  than  beds.  How- 
ever, subsequent  removal  of  this  highly  soluble  mineral  by 
ground  water  leaching  has  reduced  its  original  concentra- 
tions considerably.  In  fact,  this  leaching  is  very  likely 
continuing  at  the  present  time  as  evidenced  by  the  highly 
saline  ground  water  present  in  the  tract's  lower  main  oil 
shale  interval.  Core  holes  throughout  the  tract  contain 
abundant  solution  cavities  or  vugs  which  were  probably  once 
filled  with  nahcolite.  Only  in  the  extreme  northeast  por- 
tion of  the  tract,  the  part  farthest  basinward,  are  a  few 
thin  beds  of  nahcolite  present  ranging  in  thickness  from 
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a  few  inches  to  a  maximum  of  two  feet  (CE  702,   Encl .   3). 
Similar  to  dawsonite,   its  occurrence  increases  basinward 
to  the  northeast  across  the  tract,  but  its  present  occur- 
rence appears  not  only  related  to  its  primary  mode  of 
deposition  but  also  to  the  degree  it  has  been  secondarily 
removed  by  ground  water  leaching. 

5.2.3     CONVENTIONAL  OIL  AND  GAS  TESTS 

No  conventional   oil   or  gas  production  has  been  found  within 
Tract  C-a.     British  American  drilled  a  5,526-foot  Mesaverde  dry  hole  (1958) 
in  the  tract's  southwest  corner  and  Occidental   drilled  a  6,429-foot  Mesa- 
verde dry  hole   (1969)   in  the  tract's  northeast  corner.     Minor  shows  of  oil 
and  gas  were  reported  in  the  British  American  well    in  the  Teritiary  lower 
Green  River  and  Wasatch  Formations  and  the  underlying  Cretaceous  Mesa- 
verde group. 

5.3  EXPLORATION  PLAN 

5.3.1  AERIAL  PHOTOGRAPHY 

Shown  on  Enclosure  1  is  an  area  consisting  of  approximately  380 
square  miles  to  be  overflown  for  new  color  and  color-infrared  aerial  photo- 
graphy. As  stated  previously,  this  area  far  exceeds  that  required  for  ade- 
quate geologic  evaluation  of  Tract  C-a,  its  immediate  vicinity  and  two  po- 
tential downstream  reservoir  dam  sites.  The  relatively  large  overflight 
area  will  provide  new  photo  coverage  as  base  control  for  detailed  environ- 
mental, mining,  surface  drainage,  access  roads  and  facilities  investigations 
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The  area  outlined  includes: 

(a)  All  surface  drainages  upstream  of  Tract  C-a  to  Cathedral 
Bluffs  and  downstream  to  the  confluence  of  Yellow  Creek 
with  the  White  River. 

(b)  Access  routes  to  the  tract  from  Piceance  Creek  road  to 
the  east. 

(c)  Proposed  federal  withdrawn  areas  west  of  the  tract  imme- 
diately east  of  Douglas  Creek  road  (Federal  Register, 
January  3,  1974). 

(d)  The  three  areas  for  photogeologic,  surface  geologic  and 
topographic  mapping  discussed  below. 

Prior  to  overflight,  survey  parties  will  establish  necessary 
ground  control  including  the  location  and  appropriate  marking  of  section 
corners  within  the  three  areas  for  topographic  mapping  shown  on  Enclosure  1, 
These  corners  will  be  readily  identifiable  on  the  new  photos  for  construc- 
tion of  controlled  mosaics  and  base  maps. 

Overflight  is  planned  for  1974  after  snowmelt  and  before  exten- 
sive vegetation  growth  for  both  color  and  color-infrared  photography.  The 
area  will  be  reflown  for  color-infrared  in  the  summertime  after  vegetation 
growth  is  well  established.  Two  reflys  are  planned  for  1975. 

5.3.2  PHOTOGEOLOGIC  MAPPING 

A  detailed  photogeologic  interpretation,  with  particular  emphasis 
on  definition  of  fault  and  joint  systems,  will  be  made  of  the  three  areas 
designated  on  Enclosure  1  as  Tract  and  Vicinity,  Duck  Creek  Dam  Site  and 
Yellow  Creek  Dam  Site.  The  total  area  to  be  critically  examined  is  about 
85  square  miles. 
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The  Tract  and  Vicinity  area  is  also  portrayed  in  more  detail  on 
Enclosure  2  and  includes  the  areas  shown  on  Figures  1   and  4  of  the  Gulf- 
Standard  Preliminary  Development  Plan  dated  January,   1974.     These  figures 
show  preliminary  off-tract  areas  under  consideration  for  plant  sites,  over- 
burden-spent  shale  disposal   areas  and  a  near-tract  reservoir  site. 

Photogeologic  interpretation  of  the  new  color  and  color-infrared 
photos  followed  by  field  checking   (see  surface  geologic  mapping)  will   fur- 
ther refine  the  structural    interpretation  of  Tract  C-a  as  shown  on  Enclo- 
sure 2.     Of  particular  importance  is  the  further  definition  of  the  known 
fault  systems  within  and  in  the  vicinity  of  the  tract  and  the  possible 
location  of  others  which  are  currently  unknown.     Preknowledge  of  the  exact 
locations,  trends  and  displacement  of  faults  is  essential   to  the  proper 
selection  of  any  plant  or  reservoir  site  and  the  planning  of  mining  opera- 
tions, particularly  those  underground. 

5.3.3  SURFACE  GEOLOGIC  MAPPING 

Surface  geologic  mapping  will  immediately  follow  photogeologic 
mapping  of  the  same  three  areas  outlined  on  Enclosure  1.  Up  to  four  crew- 
months  of  surface  mapping  is  planned  for  the  summer  and  fall  of  1974.  All 
photo-defined  and  suspected  faults  together  with  joint  and  fracture  systems 
will  be  field  checked.  The  importance  of  adequately  mapping  fault  systems 
has  already  been  stressed.  Joint  and  fracture  systems  are  also  important  in 
the  planning  of  surface  facilities  as  well  as  underground  mining  operations. 

5.3.4  TOPOGRAPHIC  MAPPING 

Engineering  personnel  will  require  detailed  topographic  maps  of 
the  three  areas  outlined  on  Enclosure  1  for  optimum  planning  and 
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implementation  of  those  plans.  The  new  aerial  photography  together  with 
necessary  additional  ground  surveying  will  be  utilized  to  construct  these 
maps.  At  the  present  time,  topographic  base  maps  at  a  scale  of  1  inch 
=  200  feet  and  a  contour  interval  of  5  feet  are  considered  necessary. 

5.3.5  CORE  HOLE  PROGRAM 

Twelve  core  holes  have  been  drilled  on  Tract  C-a  as  shown  on 
Enclosures  2  and  3.  However,  three  TOSCO  core  holes  duplicate  three 
drilled  by  Cameron  Engineers.  This  results  in  a  net  nine  core  holes  cur- 
rently available  with  which  to  plan  the  development  of  the  tract's  oil 
shale  resources. 

An  "in- fill"  program  consisting  of  15  new  core  holes,  supple- 
menting those  already  drilled,  is  planned  to  obtain  sufficient  shale 
resource,  overburden  and  subsurface  structural  data  necessary  for  detailed 
predevelopment  planning.  Locations  of  these  15  new  core  holes  are  shown 
on  Enclosure  2.  Several  of  the  planned  and  existing  core  holes  will  also 
be  used  for  further  hydro! ogic  testing.  Two  of  the  new  core  holes  are 
located  in  grabens  to  determine: 

(a)  Accurate  fault  displacements. 

(b)  Fault  zone  hydrologic  conditions. 

(c)  The  presence  or  absence  of  highly  fractured  zones  asso- 
ciated with  the  faults  which  may  preclude  underground 
mining  in  or  near  the  grabens. 

(d)  The  underground  mineability  of  rich  oil  shale  intervals 
offset  by  the  faults. 
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The  above  15-hole  program  will  be  drilled  this  summer  and  fall 
so  that  the  information  obtained  can  be  evaluated  during  the  winter  months 
of  1974-75.  This  will  require  the  concurrent  use  of  three  or  more  dril- 
ling rigs. 

Continuous  coring  will  begin  in  each  hole  as  soon  as  competent 
bedrock  is  encountered  and  end  at  the  Orange  marker,  total  depth,  to  obtain 
core  data  on  overburden  characteristics  as  well  as  the  entire  oil  shale 
sequence.  Oil  yield  assays  will  be  run  at  2-foot  increments  starting  100 
feet  above  the  A-groove  and  ending  at  the  Orange  marker  as  portrayed  on 
Enclosure  3,  cross  section. 

In  about  eight  selected  core  holes  spaced  across  the  tract,  the 
following  additional  analyses  will  be  run  at  two-foot  increments  from  100 
feet  above  the  Mahogany  zone  to  total  depth: 

(a)  Extractable  alumina  analysis  in  the  spent  shale  from  core 
assays  to  determine  its  concentrations  for  potential 
economic  recovery. 

(b)  Trace  element  analysis  on  fresh  and  spent  shale  for  boron, 
fluorine,  mercury,  arsenic,  antimony  and  cadmium,  all  of 
which  are  important  for  environmental  reasons  in  potential 
stock  pile  and  spent  shale  disposal  areas.  Minerals  in 
which  these  elements  are  contained  will  also  be  identified. 

The  United  States  Bureau  of  Mines,  Laramie,  is  not  available  for 

the  extensive  project  of  assaying  the  planned  15  core  holes  because  of 
their  normal  work  load  and  other  responsibilities.  Therefore,  the  oil 
yield  assays  will  be  performed  using  techniques  comparable  to  those  of 
the  USBM  (Modified  Fisher  Assay). 
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The  appended  Drilling  and  Operating  Plan  is  for  the  15-hole  pro- 
gram discussed  above  (Appendix  D).  It  is  patterned  after  the  plans  sub- 
mitted to  the  Mining  Supervisor,  USGS,  for  Special  Land  Use  Permits  C-18269 
and  18375  under  which  Amoco  Production  Company  (a  subsidiary  of  Standard 
of  Indiana)  drilled  three  core  holes  on  Tract  C-a  in  late  1973. 

Consideration  will  be  given  to  drilling  additional  core  holes 
outside  the  tract  as  necessary  to  supplement  the  "in-tract"  15-core  hole 
program  discussed  above. 

5.3.6  SEISMIC  PROGRAM 

About  10  miles  of  shallow  high  resolution  reflection  seismic 
lines  are  planned  on  Tract  C-a  during  the  summer  of  1974  as  shown  on 
Enclosure  2.  The  seismic  lines  are   mainly  oriented  in  a  NE-SW  direction 
perpendicular  to  the  strike  of  the  beds  and  are  designed  to  make  full  use 
of  the  existing  roads  and  trails.  Two  short  profiles  across  the  valleys 
near  the  western  edge  of  the  tract  are  being  considered  for  valley-fill 
information. 

The  objectives  of-  this  seismic  program  are  to  further  define 
the  known  surface  faults  and  their  characteristics  at  depth,  perhaps 
locate  others  which  are  not  exposed  at  the  surface,  check  the  continuity 
of  the  oil  shale  section  and  determine  valley-fill  depths.  Experimental 
shooting  during  the  first  few  miles  will  determine  necessary  equipment, 
shothole  depths,  charges,  spreads,  etc.,  to  obtain  best  seismic  record 
qual i ty. 

About  one  month  will  complete  the  proposed  program.  Off-road 
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vehicle  use  will  be  kept  to  a  minimum  and  all  shotholes  plugged  to  the 
satisfaction  of  the  Mining  Supervisor  upon  completion  of  the  program. 

5.3.7  SUMMARY,  GEOLOGIC  EVALUATION 

As  new  information  is  obtained  from  all  phases  of  the  proposed 
geologic  exploration  plan,  it  will  be  incorporated  into  existing  geologic 
control  to  monitor  the  implementation  of  the  entire  plan  from  beginning 
to  end. 

Assaying  will  be  done  concurrently  with  the  core  hole  program 
as  core  is  obtained.  Data  will  be  input  into  the  computer  system  for 
construction  of  G/T  yield  histograms  and  G/T  yield  calculations  of  selected 
zones.  Structure,  isopach,  and  G/T  yield  maps  of  these  zones  will  be  up- 
dated continuously  on  a  "rough  draft"  progress  basis. 

After  all  programs  are  completed  and  all  geologic  information 
obtained,  final  cross  sections,  structure,  isopach,  G/T  oil  and  extractable 
alumina  yield  maps  will  be  prepared  for  specific  zones  and  combinations  of 
zones.  The  distribution  of  nahcolite  within  the  tract  will  also  be  mapped, 
should  significant  concentrations  be  located  with  the  planned  core  hole 
program. 
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6.0  HYDROLOGY 

6.1  SURFACE  WATER  MONITORING 

The  oil  shale  lease  environmental  stipulations  specify  the  fol- 
lowing surface  water  baseline  monitoring  program: 

(a)  Gauging  stations  shall  be  constructed  on  the  major  drain- 
ages...and,  as  required  by  the  Mining  Supervisor,  upstream 
and  downstream  from  the  lease  lands. 

(b)  Data  collected  at  the  stations  shall  include  continuous 
streamflow,  precipitation,  sediment  and  water  temperature 
records. 

(c)  Periodic  analyses  for  selected  inorganic  and  organic  chem- 
ical constituents. 

The  system  of  water-monitoring  and  gauging  stations  described 
below  is  designed  to  meet  these  minimum  requirements  and  to  afford  addi- 
tional capability  to  detect  any  adverse  effects  caused  by  the  development 
at  some  distance  from  the  tract. 

The  United  States  Geological  Survey,  under  contract  with  the 
Colorado  River  Water  Conservation  District,  arranged  for  and  funded  by  the 
lessees,  has  installed  and  is  operating  five  temporary  gauging  stations  in 
the  Yellow  Creek  drainage  near  Tract  C-a.  The  location  and  design  of  the 
gauging  stations  to  conform  to  the  lease  stipulations  was  established  in 
consultation  with  the  District  Water  Resources  Division  of  the  USGS  and 
beginning  of  data  collection  accomplished  through  expeditious  handling  and 
cooperation  by  the  USGS.  These  temporary  stations  were  designed  and  in- 
stalled in  consultation  with  the  USGS  in  order  to  capture  baseline  surface 
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water  data  for  the  beginning  runoff  of  1974. 

All  of  these  stations  eventually  will  be  equipped  to  automat- 
ically record  water  flow  rate  and  to  monitor  sediment  discharge,  water 
temperature  and  specific  conductance.  In  addition  to  the  five  stations 
cited  above,  an  existing  station  on  Yellow  Creek  near  the  White  River  will 
be  rehabilitated  and  equipped  to  monitor  the  same  parameters  for  the 
program.  Two  of  the  stations  will  include  rainfall  intensity  monitoring 
equipment  and  an  additional  rainfall  intensity  gauge  is  planned  to  be 
located  at  the  head  of  the  drainage  basin  near  Cathedral  Bluffs.  Loca- 
tions of  the  stations  are  shown  on  Enclosures  2  and  4. 

6.1.1   DATA  COLLECTION  AND  ANALYSIS 

The  data-collection  and  analysis  program  also  has  been  estab- 
lished through  the  cooperation  and  advice  of  the  Water  Resources  Division, 
Colorado  District,  USGS.  Until  these  stations  are  equipped  to  automatically 
collect  samples,  weekly  sediment  and  water-quality  samples  will  be  taken. 
Quantity  of  flow  records  will  be  collected  automatically  and  recorded  in 
accordance  with  USGS  standard  procedure.  The  initial  and  final  sampling 
and  analysis  programs,  referred  to  by  USGS  as  a  Schedule  I  program,  will 
include  the  following: 

(a)  An  ETR  sediment  sample  shall  be  collected  at  lease  once 
each  week  and  analyzed  for  concentration  and  particle  size 
finer  than  62  microns.  Final  sediment  sampling  will  be 
automatic  and  sampling  frequency  will  be  automatically  in- 
creased during  runoff  events. 
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(b)  Specific  conductance,  water  temperature,  pH,  and  dissolved 
oxygen  measurements  shall  be  taken. 

(c)  Water  quality  samples  shall  be  collected  each  week  for 
four  consecutive  weeks.  The  samples  will  be  analyzed  for 
Schedule  I  constituents  plus  cadmium,  arsenic,  selenium, 
and  mercury.  A  sampling  procedure  will  be  developed  based 
on  specific  conductance  following  the  initial  four-week 
sampling  period. 

(d)  Two  samples  for  spectrographs  analysis  will  be  collected 
at  each  station.  The  samples  will  be  collected  during  high- 
flow  and  low-flow  periods.  The  collecting  and  sampling 
program  may  be  expanded  should  the  spectrograph^  analysis 
reveal  such  a  need. 

Chemical  analysis  and  data  interpretation  will  be  performed  by 
the  USGS  laboratory  center  in  Salt  Lake  City,  Utah.  All  flow  records  and 
other  data  and  sampling  analysis  will  ultimately  be  published  as  open-file 
records  in  accordance  with  standard  USGS  procedures. 

6.2  SUBSURFACE  HYDROLOGY 

At  least  three  distinct  aquifer  systems  can  be  identified  be- 
neath Tract  C-a.  Surficial  alluvial  material  in  the  stream  channels  form 
the  uppermost  aquifer  system.  These  unconfined  aquifers  contain  water  in 
varying  amounts  and  probably  respond  directly  to  infiltration  of  precipi- 
tation and  surface  water  runoff.  An  "upper"  artesian  aquifer  zone  exists 
within  the  upper  part  of  the  Parachute  Creek  member  of  the  Green  River  for- 
mation. The  exact  thickness,  lithologic  characteristics,  and  hydrologic 
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properties  of  this  aquifer  zone  are  ill-defined,  although  the  zone  ap- 
pears to  have  relatively  wide  aerial  extent.  A  second  "lower"  artesian 
aquifer  zone  exists  near  the  base  of  the  Parachute  Creek  member.  This 
lower  aquifer  zone  is  likewise  ill-defined,  although  it  appears  to  have 
wide  aerial  extent. 

Movement  of  water  within  the  alluvial-stream  channel  deposits 
appears  to  be  relatively  uncomplicated.  Ground  water  movement  within 
the  two  artesian-aquifer  systems  is  complicated  by  a  general  lack  of  pri- 
mary hydraulic  conductivity  (permeability).  Apparently  all  significant 
ground  water  flow  within  the  artesian  aquifers  is  by  way  of  either  inter- 
connected vugs  formed  from  leaching  of  soluble  minerals,  or  through 
fractures  and/or  joints  within  the  rock  mass.  In  either  case,  the  base- 
line conditions  of  the  artesian  ground  water  regime  are  not  well  known. 

6.2.1  PURPOSE 

The  following  paragraphs  describe  the  proposed  investigation  to 
obtain  hydrologic  data  of  sufficient  quality  to  allow  a  reliable  inter- 
pretation of  the  existing  ground  water  regime  beneath  the  project  area. 
Some  changes  likely  to  occur  as  a  result  of  the  proposed  mining  develop- 
ment might  be  predicted  by  the  use  of  a  flow  model  and  a  compositional 
model.  Such  models  would  be  quite  helpful  in  the  design  of  mine  dewatering 
facilities  and  might  also  indicate  what  effects  may  be  expected  off  the 
tract.  It  is  anticipated  that  data  obtained  during  this  program  could  be 
used  in  the  USGS  Water  Resources  models  to  provide  an  analysis  of  the 
effects  of  various  dewatering  methods.  The  actual  changes  as  detected  by 
the  monitoring  program  could  be  compared  to  predicted  changes. 
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The  investigation  will  include  gathering  basic  data,  analysis 
and  interpretation  of  these  data  in  relation  to  the  proposed  shale  oil 
recovery  operation  on  the  lease,  and  a  continuing  program  for  monitoring 
both  the  ground  water  regime  and  ground  water  quality  as  the  project  is 
developed. 

The  available  published  and  unpublished  data  have  been  re- 
viewed. Based  upon  this  review,  a  program  to  collect  baseline  hydrologic 
data  has  been  formulated.  The  program  is  tentative  because  the  current 
ground  water  flow  conditions  appear  to  be  relatively  complex.  It  may  be 
subject  to  revision  during  implementation  as  data  become  available  during 
the  course  of  geological  exploration  of  conditions  beneath  the  site  and 
as  the  subsurface  ground  water  regime  is  defined  by  pump  tests  and  the  in- 
formation itemized  below.  The  program  is  designed  to  provide  information 
on  existing  ground  water  conditions  including: 

(a)  Water-table  elevations. 

(b)  Piezometric  surface  elevations. 

(c)  Radius  of  influence  of  pumping  holes  with  time. 

(d)  Water  quality. 

(e)  Physical  characteristics  of  aquifers. 

6.2.2  DATA  COLLECTION 

Twelve  shallow  hydrology  observation  holes  will  be  completed  in 
the  alluvial  aquifers  most  likely  to  be  affected  by  the  development  of  the 
site.  All  but  one  of  the  alluvial  observation  holes  will  be  completed 
off  the  tract  around  its  perimeter. 

In  addition  to  the  shallow  alluvial  holes,  26  observation  holes 
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will  be  used  in  the  data-collection  program  for  the  deeper  artesian  aqui- 
fers. The  holes  which  are  necessary  for  this  program  will  include  10  of 
the  existing  holes  on  the  tract,  12  of  the  15  new  core  holes  which  will 
be  cored  on  the  tract  for  resource  and  geological  information  (see  Sec- 
tion 5.0),  plus  four  holes  drilled  specifically  for  hydrologic  data,  one 
on  the  tract  and  three  off  the  tract.  The  tentative  locations  of  all  the 
observation  holes  are  shown  on  Enclosure  2. 

The  26  deeper  observation  holes  will  penetrate  both  the  upper 
and  lower  aquifers.  However,  the  upper  and  lower  artesian-aquifer  zones 
will  be  hydraulically  isolated  within  each  observation  hole.  To  accom- 
plish this,  it  is  planned  that  the  aquifers  will  be  isolated  by  setting 
casing  in  each  of  the  test  holes  about  100  feet  below  the  bottom  of  the 
Mahogany  zone.  The  actual  casing  point  would  be  based  on  data  obtained 
during  the  drilling  of  the  hole  and  from  logs.  The  hole  below  the  casing 
would  be  left  open. 

A  minimum  casing  size  of  5-1/2"  O.D.  would  be  used  in  the  newly 
drilled  observation  holes.  It  will  be  necessary  to  use  4"  O.D.  casing 
at  six  of  the  old  core  holes  because  of  the  size  of  the  surface  pipe  al- 
ready set.  A  packer  would  be  set  near  the  bottom  of  the  casing  and  2-3/8" 
tubing  will  be  run  through  the  packer  to  obtain  samples  and  fluid  levels 
from  the  lower  aquifer.  The  casing  will  be  perforated  or  set  in  such  a 
manner  that  the  upper  aquifer  can  be  sampled  and  pressure  or  fluid  level 
determined.  The  observation  holes  will  remain  in  use  indefinitely. 

Four  of  the  observation  holes  will  be  used  for  pump  tests  in 
the  deeper  aquifer  zones  so  that  the  aquifer  water-yielding  character- 
istics can  be  measured.  The  pump  tests  will  be  started  after  the  drill- 
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ing  program  is  completed  and  after  water  levels  stabilize  within  the  ob- 
servation holes.  Both  aquifer  zones  will  be  tested  separately  by  pumping 
the  four  holes  in  sequence  while  hydraulically  isolating  the  aquifer 
zones  within  the  pump-test  holes. 

The  pump-test  holes  will  be  completed  as  described  previously. 
Larger  casing  (7"  O.D.)  will  be  used  in  two  of  the  pump-test  holes,  and 
the  other  two  pump-test  holes  will  be  equipped  with  5-1/2"  O.D.  casing 
because  of  the  surface  casing  already  set.  These  pump-test  holes  are 
all  located  on  the  lease  tract.  Each  aquifer  zone  may  be  pumped  for 
several  days,  the  length  of  time  to  be  established  as  drawdown  data  are 
obtained. 

Pressures  or  fluid  levels  will  be  monitored  above  and  below 
the  packer  during  the  pump  tests  to  determine  if  there  is  leakage  around 
the  packer  or  behind  the  pipe. 

Fluid  level  or  pressure  at  all  26  observation  holes  will  be 
monitored  prior  to,  during  the  pumping  test  program,  and  for  an  extended 
period  thereafter. 

A  water  sample  will  be  collected  at  each  pump-test  hole  when 
the  pump  test  starts,  every  third  day  during  the  pump  test  and  when  the 
pumping  test  is  finished.  This  will  be  done  for  both  the  upper  and  lower 
aquifers.  The  type  of  analysis  to  be  done  will  be  similar  to  that  out- 
lined in  Section  6.2.3. 

At  least  one  of  the  test  holes  (Number  16)  will  be  completed  in 
the  underlying  Douglas  Creek  member  of  the  Green  River  formation  to  iden- 
tify possible  deeper  aquifer  zones.  It  is  not  anticipated  that  aquifers 
underlying  the  Parachute  Creek  member  will  be  pump  tested. 
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It  1s  planned  that  temperature  and  spinner  logs,  plus  possibly 
other  logs,  will  be  run  in  10  of  the  core  holes  which  are  now  on  the  tract. 
This  will  be  done  to  determine  if  ground  water  conditions  have  changed 
since  the  previous  logs  were  obtained. 

Additional  basic  information  will  be  obtained  from  geophysical 
logs,  such  as  resistivity,  spontaneous  potential,  caliper,  temperature, 
neutron  and  spinner,  which  may  be  run  in  the  observation  test  holes. 

Water  samples  will  be  collected  every  200  feet  during  the  dril- 
ling of  the  new  holes.  Three  samples,  one  representing  the  section  above 
the  Mahogany,  and  two  from  below  the  Mahogany,  will  be  analyzed  to  deter- 
mine the  variation  of  water  quality  with  depth. 

All  field  work  and  data  collection  will  be  done  under  the  direct 
supervision  of  a  hydro! ogist  who  will  be  assigned  to  the  project  and  will 
work  on  the  site. 

6.2.3  DATA  INTERPRETATION  AND  ANALYSIS 

Water-level,  water-quality,  geophysical,  and  test-pumping  data 
obtained  during  the  course  of  the  investigation  will  be  analyzed  and  in- 
terpreted.    The  analysis  will    include  calculations  of  the  artesian  aquifer 
transmissivi ties,  hydraulic  conductivities,  and  coefficients  of  storage. 
The  hydraulic  gradient  and  variations  in  existing  water  quality  will   be 
calculated  for  the  alluvial  aquifers  as  well  as  the  two  artesian-aquifer 

zones. 

Water  quality  will  be  determined  from  analysis  of  samples  from 
the  observation  and  test  holes.  In  the  initial  water  analysis,  about  50 
elements,  ions  and  compounds  will  be  monitored  using  emission  spectrography 
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or  other  suitable  chemical  analysis.  Those  trace  elements  such  as  mer- 
cury, boron,  fluorine,  arsenic, antimony  and  cadmium  which  are  of  environ- 
mental concern  will  be  determined  and  monitored  unless  it  can  be  estab- 
lished, after  suitable  time,  that  the  concentrations  of  these  trace  ele- 
ments are  so  low  as  to  be  of  no  importance. 

After  the  initial  samples  are  analyzed,  consultation  liaison 

will  be  maintained  with  appropriate  federal,  state  and  local  authorities 
and  a  quality-element  list  prepared  to  assure  that  all  constituents  of 

interest  are  included  in  the  analysis.  All  of  these  parameters  will  pro- 
vide information  useful  in  the  prediction  of  possible  hydrologic  changes 
which  may  result  from  development  of  Tract  C-a. 

Ground  water  movement,  quality  and  volume  will  be  evaluated  in 
relation  to  geologic  criteria  such  as  faulting,  fracturing,  jointing, 
lithology,  and  general  structure.  Areas  of  ground  water  recharge  and 
natural  discharge  will  be  identified  on  the  basis  of  hydrogeologic  prin- 
ciples as  well  as  existing  data. 

6.2.4  MONITORING  PROGRAM 

A  systematic  water-level  and  water-quality  monitoring  program 
will  be  continued  during  development  of  the  lease  so  that  significant 
changes  in  baseline  conditions  can  be  measured  and  analyzed.  From  this 
information  it  may  be  possible  to  anticipate  or  detect  undesirable  changes 
as  they  first  occur. 

After  the  initial  water  samples  are  obtained  and  analyzed,  water 
samples  would  be  collected  monthly  from  all  of  the  test  holes.  After  a 
trend  has  been  established,  perhaps  in  six  months,  the  sampling  frequency 
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would  be  reduced  to  once  each  six  months.  Water  levels  or  pressures  in 
the  deep  test  holes  would  be  measured  by  means  of  permanent  installations 
which  would  record  pressure  or  water  level  continuously.  Water  levels  in 
the  alluvial  holes  would  be  measured  monthly  with  a  tape  and  after  suf- 
ficient history  was  accumulated,  perhaps  a  year,  the  frequency  would  be  re- 
duced to  once  every   six  months. 
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7.0  MINING 


The  primary  objective  of  the  mining  portion  of  the  Exploratory 
Plan  is  to  determine  the  most  suitable  conventional  mining  method  for 
Tract  C-a.  This  emphasis  on  conventional  mining  methods  is  based  on  the 
lessees'  belief  that  the  use  of  proven  mining  technology,  techniques, 
and  equipment,  in  particular  those  pertaining  to  open-pit  mining,  will 
provide  the  most  suitable  means  for  early  start-up  and  development  of 
commercial  operations  on  Tract  C-a,  commensurate  with  sound  engineering, 
environmental  and  operating  considerations. 

In  addition,  the  mining  portion  of  the  Exploratory  Plan  also 
includes  studies  of  new  or  conceptual  mining  methods  that  have  potential 
as  superior  means  of  extraction--as  compared  to  conventional  mining--in 
terms  of  resource  recovery,  environmental  aspects  and  economics. 

Following  the  initial  office  studies,  further  research  of  se- 
lected methods  will  be  actively  pursued.  The  ultimate  objective  is  to 
develop  new  mining  methods,  techniques  and  equipment  which  will  replace 
conventional  approaches  and  optimize  shale  extraction  operations.  It  is 
likely  that  development  of  these  new  techniques  will  require  field  test- 
ing, most  of  which  probably  will  be  done  after  start-up  of  commercial 
operations. 

In  order  to  achieve  the  objectives  outlined  above,  the  mining 
portion  of  the  Exploratory  Plan  consists  of:  (1)  studies  of  mining 
methods,  and  (2)  laboratory  geotechnical  tests. 

The  major  part  of  the  mining  studies  will  be  an  in-depth  study 
of  two  conventional  methods;  i.e.,  (1)  open-pit  mining,  and  (2)  under- 
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ground  room-and-pi 1 lar  mining  in  selected  intervals,  both  using  only 
proven  or  semi-proven  techniques  and  equipment.  The  relative  merits  of 
each—taking  into  account  technical,  environmental  and  economic  aspects-- 
will  determine  the  mining  method  that  will  be  included  in  the  Detailed 
Development  Plan.  The  studies  will  make  extensive  use  of  data  developed 
by  the  other  portions  of  the  Exploratory  Plan;  i.e.,  the  environmental 
baseline  studies,  geotechnical  drilling  and  analyses,  and  hydrogeological 
research. 

Studies  and  analyses  conducted  in  the  mining  portion  of  the 
Exploratory  Plan  will  be  performed  by  the  lessees'  staff  and  by  contrac- 
tors and  engineering  consultants  under  the  lessees'  guidance.  No  under- 
ground pilot  mines  or  test  pits  are  presently  planned  for  this  stage  of 
the  project. 

7.1  MINING  STUDIES 

A  more  detailed  description  of  various  aspects  to  be  covered  by 
mining  studies  is  as  follows: 

7.1.1  CONVENTIONAL  MINING 

7.1.1.1  RESERVES 

"Economic  reserves"  available  for  open-pit  and  room-and-pillar 
mining  will  be  estimated  using  cutoff  grades  based  on  the  best  available 
cost  and  economic  data.  These  estimates  will  be  combined  with  the  results 
of  mine  design  and  planning  work  to  arrive  at  economically  recoverable  re- 
serves for  open-pit  and  room-and-pillar  mining. 
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Included  in  reserve  considerations  will  be  an  in-depth  study 
of  methods  and  economics  of  extracting  dawsonite  and  nahcolite  from  the 
oil  shale.  To  the  extent  that  the  commercial  potential  of  these  miner- 
als can  be  developed,  allowance  will  be  made  in  extraction  studies  and 
plans  for  their  recovery. 

7.1.1.2  MINE  DESIGN 

General  parameters  will  be  studied  and  selected  for  design  and 
engineering  of  both  open-pit  and  underground  room-and-pil lar  mining.  For 
open-pit  mining,  these  parameters  will  include  such  items  as  pit  slope 
and  economic  and  operational  pit  limits.  Parameters  for  underground  mine 
design  will  include  the  selection  of  intervals  suitable  for  room-and- 
pil  lar  mining,  based  on  economic  and  operational  criteria.  Determination 
and  use  of  parameters  for  general  mine  design  will  be  followed  by  exten- 
sive studies  concerned  with  specifics  of  mine  design  and  equipment  selec- 
tion. It  is  expected  that  particular  attention  will  be  required  in  the 
areas  of  rock  mechanics;  pillar  dimensions  and  spacing;  maximum  allowable 
mining  heights;  the  determination  of  safe  intervals  between  mining  levels; 
and  ventilation  systems  and  procedures  required  for  the  relatively  large 
room  openings,  as  well  as  the  possibility  of  gas  occurrences. 

Mine  design  criteria  common  to  both  open-pit  and  underground 
studies  will  include:  rock-breaking  techniques;  shale  and  waste  trans- 
portation; mine  dewatering;  high-production  mine  layouts;  and  federal 
and  state  health  and  safety  regulations. 

Design  of  the  mine  dewatering  system  will  include  facilities 
for  disposal  and/or  treatment  required  for  brackish  or  otherwise  unde- 
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sirable  water. 

Data  obtained  from  geotechnical  analyses,  drilling  and  labora- 
tory tests  will  be  used  throughout  the  studies,  particularly  in  the  de- 
termination of  safe  open-pit  and  room-and-pillar  design. 

7.1.1.3  EOUIPMENT  SELECTION 

Equipment  selection  studies  will  be  carried  out  concurrently 
with  detailed  mine  design.  Particular  attention  will  be  given  to  the 
use  of  data  developed  in  previous  oil  shale  mining  operations  pertinent 
to  equipment  selection.  However,  an  attempt  will  be  made  to  optimize 
wherever  possible  both  specific  mine  design  and  equipment  selection. 
Most  of  the  the  studies  will  be  devoted  to  equipment  selection  for  the 
basic  mining  operations:  rock  breakage,  loading,  crushing,  hauling, 
roof  support,  dewatering  and  ventilation. 

7.1.1.4  OVERBURDEN,  WASTE  AND  SPENT  SHALE  DISPOSAL 

The  disposal  of  overburden,  spent  shale  and  other  waste  mate- 
rials will  be  studied  extensively,  with  particular  emphasis  on  the  se- 
lection of  methods,  techniques  and  disposal  areas  which  will  minimize 
environmental  impacts.  This  will  include:  a  complete  analysis  of  chem- 
ical and  physical  properties  of  spent  shale  from  various  retorting  pro- 
cesses; studies  of  the  potential  for  disposal  of  waste  materials  in  sur- 
face sites  or  in  mined-out  areas  of  open-pit  or  underground  mine  workings; 
selection  of  disposal  locations;  and  evaluation  and  selection  of  various 
systems  and  procedures  for  transporting,  placing,  and  compacting  materials 
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7.1.1.5  DEVELOPMENT  PLAN 

Comprehensive  development  plans  for  open-pit  and/or  room-and- 
pillar  mining  will  be  established  using  the  selected  mine  designs  and 
equipment.  Maximum  feasible  rates  of  buildup  to  full  production  will  be 
established.  The  location  of  initial  mine  openings  and  logical  patterns 
of  expansion  will  receive  special  attention,  along  with  both  the  initial 
and  ultimate  locations  of  facilities  such  as  processing  plants,  haul 
roads,  conveyors,  and  ore  stockpiles.  Utility  and  manpower  requirements 
for  mine  development  will  also  be  determined. 

7.1.2  POTENTIAL  FUTURE  MINING  METHODS  AND  EQUIPMENT 

The  objective  of  this  part  of  the  mining  studies  is  to  lay  the 
groundwork  for  research  and  development  of  new  mining  methods,  concepts 
and  equipment.  It  is  envisioned  that  this  program,  although  initiated 
during  the  exploration  period,  will  continue  for  many  years  beyond  start- 
up of  commercial  operations. 

As  part  of  the  Exploratory  Plan,  study  of  potential  future  min- 
ing methods  will  consist  of  the  following: 

(a)  A  survey  and  evaluation  of  new  methods  and  concepts  such 
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(1)  Underground  mining  of  the  entire  shale  column  by  bulk 
mining  techniques. 

(2)  In  situ  methods. 

(3)  Continuous  Miners. 

(4)  Materials  Handling  "Innovations" 
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(b)  Establishment  of  criteria,  estimates  of  recoverable  re- 
serves, studies  of  techniques  and  equipment,  and  cost 
estimates  and  analysis. 

(c)  Evaluation  and  selection  from  the  activities  described 
in  (b)  above.  A  limited  number  of  these  methods  will  be 
selected  for  inclusion  in  the  Detailed  Development  Plan 
for  further  research. 

7.2  GEOTECHNICAL  TESTWORK 

The  geotechnical  analyses  will  consist  of  laboratory  tests  on 
cores  obtained  from  the  core  drilling  program  described  in  the  geologic 
portion  of  the  Exploratory  Plan.  The  test  results,  together  with  struc- 
tural design  theory  and  experience  from  work  in  similar  formation,  will 
serve  as  a  first  approximation  of  the  structural  behavior  of  the  rock 
and  so  assist  in  the  determination  of  preliminary  design  parameters  for 
open-pit  and  underground  mining  plans.  The  laboratory  tests  will  include 
determination  of:  bulk  density,  permeability,  compressive  strength,  mod- 
ulus of  elasticity,  Poisson's  ratio,  shearing  strength,  modulus  of  rup- 
ture, and  behavior  under  point  loading.  Joint  systems,  their  extent  and 
orientation,  also  will  be  studied,  as  will  bedding  parting  characteristics 
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8.0  PROCESSING 

Selection  of  the  initial  processing  sequence  for  Tract  C-a 
will  involve  comprehensive  economic  and  environmental  evaluations  of 
the  interrelated  steps  of  mining,  feed  preparation,  retorting,  upgrad- 
ing to  desired  product  quality,  and  transportation  and  utility  supply. 
Consideration  must  be  given  not  only  to  the  Detailed  Development  Plan, 
but  also  to  potential  future  expansion. 

Processes  and  equipment  for  the  Detailed  Development  Plan 
will  be  chosen  from  first-generation  technology  available  at  the  time. 
If  such  equipment  is  not  available  or  if  Tract  C-a  is  judged  to  have 
unique  processing  problems,  the  first  step  of  the  Detailed  Development 
Plan  will,  of  necessity,  include  design,  construction  and  operation  of 
large-scale  demonstration  or  prototype  units  to  be  followed  later  by  the 
commercial-scale  facilities  which  will  comprise  the  first  plant. 

Gulf  and  Standard  presently  believe  that  the  initial  plant  should 
have  a  minimum  capacity  of  50,000  to  100,000  BPCD.  Determination  of  initial 
plant  capacity  and  product  quality  will  be  one  of  the  first  major  decisions 
in  designing  the  first  plant. 

Planning  of  the  processing  facilities  will  take  place  concur- 
rently with  the  mining  studies  outlined  in  Section  7.0.  Like  the  mining 
studies,  the  work  will  probably  consist  of  office  studies  conducted  away 
from  the  tract.  At  present,  it  is  not  planned  to  make  any  field  tests  or 
installations  prior  to  approval  of  the  Detailed  Development  Plan. 
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9.0  WATER  CONTROL  AND  CORRIDOR  PLANNING 

The  lease  stipulations  include  the  statement:  "The  lessee 
shall  avoid,  or,  where  avoidance  is  impracticable,  minimize  and,  where 
practicable,  repair  damage  to  the  environment."  The  water-control  fa- 
cilities necessary  in  connection  with  the  development  will  be  provided 
and  designed  accordingly.  These  facilities  must  include  surface  works 
to  preclude  damage  from  flash  floods  typical  of  the  area,  particularly 
in  connection  with  spent-shale  disposal.  Works  must  be  provided  to  en- 
sure an  adequate  supply  of  water  to  permit  optimum  compaction  and  re- 
vegetation  of  spent  shale  for  certain  mining,  upgrading  and  processing 
needs,  and  for  associated  urban  uses.  Water-control  works  may  also  be 
necessary  to  divert  or  dispose  of  excess  saline  waters,  if  encountered, 
in  mine-dewatering  operations.  The  location,  design  and  extent  of  such 
works  cannot  be  determined  until  after  a  number  of  engineering  studies 
have  been  completed,  each  predicated  upon  the  findings  and  conclusions 
reached  in  the  prior  study.  Following  completion  of  such  studies  and 
the  initial  design  of  works  derived  therefrom,  exploratory  field  work 
will  be  undertaken  to  determine  site  conditions  relevant  to  final  design. 

9.1  RESERVOIR 

Fundamental  to  the  water-control  facilities  is  adequate  storage 
capability  to  accommodate  seasonal  fluctuations  of  water  supply,  as  well 
as  unforeseen  water  shortages.  The  total  facility  must  be  capable  of 
sustaining  production  through  a  period  of  interrupted  water  supply  and 
be  sufficient  for  provision  of  alternative  supplies.  Provisions  for 
flood  storage  reserves  should  be  incorporated  into  the  reservoir  ofiera- 
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tion  plan.  Other  reservoir  uses  include  flexibility  of  control  and  stor- 
age which  may  be  utilized  in  connection  with  a  water-treatment  plant  con- 
templated as  an  alternative  means  of  poor-quality  water  control. 

Two  reservoir  sites  have  been  selected  for  further  design  and 
study  as  indicated  on  Enclosure  1.  The  northern  or  Yellow  Creek  Dam  site 
offers  an  extremely  promising  site  and  preliminary  studies  indicate  its 
selection.  Nevertheless,  the  alternative  site  has  been  selected  in  the 
event  field  exploration  or  later  studies  reveal  unforeseen  detrimental 
conditions. 

Prior  to  final  site  selection,  the  following  studies  in  rela- 
tion to  alternative  reservoir  uses  and  related  water-control  problems 
must  be  made  in  the  order  indicated: 

(a)  A  comprehensive  water-quality,  water-disposal  study  will 
be  made.  The  ground  water  hydrology  studies  described 
elsewhere  herein  are  partially  aimed  at  determining  the 
parameters  necessary  to  predict  ground  water  inflow  to 
the  mine,  including  quantity  and  quality  assessment.  If 
these  studies  indicate  a  high  range  of  poor-quality  water 
inflow  is  possible,  plans  must  be  formulated  for  water 
disposal.  The  most  economical  method  of  disposal  of 
poor-quality  water,  and  perhaps  the  most  environmentally 
desirable,  is  through  evaporation.  Other  methods  of  dis- 
posal or  handling  include  injecting  the  water  into  deeper 
formations  and  water  treatment. 

(b)  Surface  runoff  protection  works  will  be  required  to  mini- 
mize environmental  damage  in  connection  with  spent-shale 
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disposal,  to  protect  the  mine  facilities,  and  to  control 
erosion  damage.  These  works  may  include  diversion  dams, 
ponds,  catchment  ditches  and  canals,  pipe  conduits  and 
other  works.  Each  feature  must  be  designed  and  integrated 
with  the  overall  water-control  plan  for  optimizing  en- 
vironmental protection, 
(c)  The  desisions  reached  through  the  foregoing  studies  would 
form  the  basis  for  final  selection,  through  detailed  cost 
comparison  and  environmental  assessment  studies,  of  water 
supply,  storage  and  protection  works  to  be  embodied  in 
the  Detailed  Development  Plan.  These  studies  would  in- 
clude and  integrate  all  features  of  the  water-control  plan 
in  the  Detailed  Development  Plan,  including  such  features 
as  diversion  works,  pumping  plants,  and  pipelines  to  di- 
vert water  from  the  White  River,  the  Colorado  River  or 
the  Yampa  River,  should  importation  of  water  prove  neces- 
sary. 
Following  the  above  studies,  anticipated  to  be  completed  by 
the  summer  of  1975,  field  investigations  would  be  undertaken  for  site 
exploration.  These  investigations  would  include  relatively  shallow  drill- 
ing for  foundation  investigations,  soils  and  other  materials  investiga- 
tions, and  expanded  contour  mapping  to  include  the  sites  of  all  finally 
selected  water-control  works  sites. 

9.2  CORRIDOR  PLANNING 

The  lease  stipulations  require  the  lessee  to  provide  corridor 
plans  for  roads,  pipelines  and  utilities  on  the  leased  lands  for  approv- 
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al  by  the  Mining  Supervisor.  It  is  planned,  as  described  hereafter, 
that  existing  roads  and  facilities  will  be  utilized  during  the  explor- 
ation period  in  order  to  defer  construction  of  substance,  until  after 
comprehensive  planning  studies  have  been  made.  The  advantage  of  multi- 
ple land  use  through  corridor  planning  vis-a-vis  individual  route  se- 
lection for  each  facility  is  noted  in  the  lease  and  has  been  stressed 
by  the  Bureau  of  Land  Management.  Planning  efforts  will  be  geared  to 
this  concept. 

Prerequisite  to  establishment  of  multiple-use  corridors  is 
solution  of  several  major  questions  facing  the  development,  viz,  the 
source  and  location  of  substantial  quantities  of  power,  the  major  mar- 
kets for  the  product(s),  and  the  areas  selected  by  the  personnel  direct- 
ly involved  in  the  development  for  settlement.  Following  study  and 
determination  of  these  questions,  final  corridor  planning  will  be  under- 
taken. 

It  is  planned  that  initial  corridor  studies  will  be  fully  com- 
prehensive; all  feasible  alternatives  and  routes  will  be  reviewed.  For 
example,  it  may  prove  environmentally  sound  as  well  as  economically  de- 
sirable, to  provide  loop  transportation  routes  to  the  site  to  encompass 
all  areas  of  likely  settlement;  and  the  feasibility  of  mass  transit  systems 
will  be  studied.  Cooperation  among  various  developers  in  the  basin  would 
be  paramount  to  this  type  of  endeavor. 

It  is  generally  accepted  that  power  requirements  will  need  to 
be  provided  through  power  developments  not  now  existing  or  planned.  Sit- 
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ing  plans  for  any  new  power  development  thus  can  integrate  transmission- 
line  requirements  toward  optimizing  the  total  development.  It  is  not 
anticipated  that  integration  of  pipelines  in  common  corridors  will  pose 
any  design  problems. 

Site  exploration,  including  foundation  and  materials  drilling 
and  investigation  and  topographic  mapping,  will  be  undertaken  following 
selection  of  the  final  plans  and  routes. 
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10.0  SUPPORT  ROADS  AND  FACILITIES 

Exploration  work  as  defined  in  the  lease  includes  the  construc- 
tion of  roads  and  trails  and  other  necessary  facilities.  The  requirements 
of  43  CFR  23  referenced  in  the  lease  include  a  "...statement  of  support 
roads  and  facilities."  Enclosure  4  shows  the  support  roads  and  facili- 
ties planned  to  be  constructed  and  utilized  during  the  exploration  period. 

10.1  GENERAL 

The  Piceance  Creek  Basin,  as  will  be  noted  from  Enclosure  4,  is 
traversed  by  numerous  roads  and  trails  constructed  or  naturally  made  by 
hunters,  ranchers  and  more  recently  by  oil  shale  and  other  industrial  in- 
terests. It  is  planned  that  existing  roads  will  be  utilized  to  the  great- 
est practicable  extent  to  minimize  construction  of  new  roads  and  the  con- 
comitant land  use. 

Needs  for  access  roads  during  the  exploration  period  are  mani- 
fold; including  access  to  drill  sites  for  equipment,  materials  and  opera- 
ting crews,  access  for  servicing  and  sampling  the  various  baseline-data- 
monitoring  stations,  and  access  for  personnel  and  equipment  necessary  to 
the  comprehensive  environmental  assessment  to  be  undertaken.  Neverthe- 
less, site  inspection  has  indicated  that,  with  few  exceptions,  the  exist- 
ing roads  will  fulfill  exploration  period  needs  with  only  minor  upgrad- 
ing and  maintenance  necessary. 

The  state  and  county  maintain  certain  of  the  road  facilities 
planned  to  be  used,  including  snow-clearing  during  the  winter  period.   It 
is  anticipated  that  county  jurisdiction  and  funding  will  be  extended  to 
service  oil  shale-industry  needs  as  soon  as  administratively  possible. 
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During  the  interim  period,  it  is  planned  that  the  lessees  will  extend 
and  augment  the  state  and  county  maintenance  efforts  as  indicated  on 
Enclosure  4. 

Final  design  of  roads,  incorporating  the  use  of  existing  roads 
and  integrating  multiple-use  corridors  to  the  greatest  practicable  extent, 
will  be  undertaken  during  the  exploration  period  for  submittal  with 
the  Detailed  Development  Plan. 

10.2  PRIMARY  ROADS 

It  is  anticipated  that  the  main-use  roads  will  be  from  Rangely, 
Meeker  and  Rifle,  via  State  Highway,  thence  via  the  Piceance  Creek  Road 
and  thence  via  the  Ryan  Gulch  Road,  as  shown  on  Enclosure  4.  These 
routes  are  maintained  and  snow-cleared  by  the  state  and  county.  An 
existing  nonsurfaced  road  from  the  terminus  of  the  Ryan  Gulch  cleared 
section  to  the  southern  midsection  of  Tract  C-a  will  be  upgraded,  inter- 
mittently surfaced,  and  maintained  open  throughout  the  year  by  the  les- 
sees. 

Access  from  the  west  to  the  northwestern  corner  of  the  tract 
will  be  provided,  during  the  construction  season  only,  by  utilization  of 
the  BLM-constructed  Calamity  Ridge  Road,  which  branches  from  State  High- 
way 64  some  11  miles  northeast  of  Rangely.  This  road  will  be  extended 
by  the  lessees  from  near  its  present  terminus  some  11  miles  to  the  tract. 
This  road  is  not  presently  snow-cleared  during  the  winter  season  and  it 
is  anticipated  that  it  will  continue  to  provide  construction-season  ac- 
cess only. 

It  should  be  noted  that  most  of  the  drill  sites  are  planned  to 
be  reached  along  existing  trails  or  roads.  There  will,  however,  need  to 


63 


be  limited  clearing  work  undertaken  to  provide  access  to  certain  holes, 
as  well  as  clearing  and  leveling  work  for  siting  drill  rigs  over  the  pro- 
posed holes. 

Adequate  drainage  culverts  and  other  control  works  will  be  in- 
corporated for  all  new  and  upgraded  roads  to  minimize  and  control  erosion 
damage. 

10.3  FACILITIES 

Provision  of  permanent  housing  and  related  facilities  at  the 
site  have  been  held  to  a  minimum  to  ensure  that  baseline  environmental 
data  will  truly  reflect,  undisturbed,  existing  conditions  at.  the  site. 
A  single  trailer,  equipped  as  a  first-aid  station,  together  with  minimal 
field  office  furnishings,  will  be  provided  in  conformity  with  the  re- 
quirements of  Occupational  Safety  and  Health  Administration.  The  trail- 
er will  be  equipped  for  use  as  an  emergency  shelter  in  case  personnel 
are  accidentally  isolated  at  the  tract. 

The  trailer  will  be  serviced  by  electric  heating  and  power. 
Water  supply  and  sanitation  needs  will  be  provided  by  delivery  service 
trucks  to  ensure  no  contamination  at  the  site. 

Present  telephone  service  lines  into  the  area  of  Tract  C-a  are 
fully  loaded.  The  Bell  Telephone  Company  has  determined  that  the  near- 
est available  telephone  line  extension  required  would  be  some  11  miles. 
Accordingly,  it  has  been  tentatively  decided  that  mobile  radio-telephone 
equipment  capable  of  communications  with  a  Bell  Telephone  radio-telephone 
network  will  be  provided  at  the  trailer  field  office.  Remote-sensing 
capability  may  be  integrated  with  this  system. 
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It  should  be  noted  that  nominal  amounts  of  electric  power  are 
available  near  the  tract.  Arrangements  have  been  made  to  extend  existing 
power  lines  located  less  than  one  mile  from  the  southeastern  corner  of 
the  tract  to  service  surface  water-,  air-  and  weather-monitoring  stations 
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APPENDIX  B  -  METEOROLOGICAL  EQUIPMENT  AND  DATA  ANALYSIS 
B.l  TOWER 

(a)  The  principal  tower  will  be  60  meters  tall. 

(b)  The  wind  instruments  will  be  on  a  boom  at  least  3  meters  from 
the  nearest  vertical  tower  component. 

(c)  The  tower  will  be  grounded  properly  to  protect  the  instruments 
and  maintenance  personnel. 

B.2  INSTRUMENT  SHELTER 

(a)  The  power  source  (excluding  emergency  power)  must  produce  no 
exhaust  gases  that  will  contaminate  the  background  air  quality. 
Commercial  power  is  suggested. 

(b)  The  shelter  must  be  sturdy  and  durable  to  the  degree  that  it 
will  withstand  heavy  snow  and  high  winds. 

(c)  The  shelter  must  be  weathertight,  heated  and  air-conditioned  to 
control  the  environment  of  the  signal  conditioners,  recorders 
and  other  sensitive  equipment. 

(d)  The  shelter  will  be  at  least  30  meters  from  the  tower  base. 

(e)  There  will  be  a  fence  around  the  shelter  and  tower  of  suffi- 
cient size  to  reduce  possible  vandalism. 

B.3  SIGNAL  RECORDERS 

(a)  The  wind  recorders  will  continuously  record  the  signals. 

(b)  All  recorders  will  have  an  accuracy  and  readability  of  0.5%. 
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B.4  MEASURING  INSTRUMENTS 


(a)  The  remote  wind  instruments  on  the  three  small  towers  will  be 
10  meters  above  the  ground  and  measure  wind  speed  and  direction 

(b)  The  remote  rain  gauges  will  record  continuously. 

(c)  Snow  depth  will  be  measured  at  three  locations  using  a  number 
of  ruled  stakes  at  each  location.  The  stakes  will  be  read  at 
least  twice  per  month  and  the  average  value  assumed  to  be  the 
snow  depth. 

(d)  The  tower  instrumentation  will  be  as  follows: 

60  Meters:  Wind  speed,  direction,  humidity  and  temperature 
difference  from  10  meters. 

10  Meters:  Wind  speed,  direction,  humidity,  and  absolute  tem- 
perature. 

Ground  Level:  Wind  speed,  direction,  temperature,  solar  radia- 
tion, precipitation,  and  snow  depth. 

(e)  The  suggested  instrument  specifications  are  as  follows: 
Parameter  Accuracy 

Wind  Speed  ±1%  of  reading  or  0.2  mph, 

0.6  mph  threshold 
Wind  Direction  ±3%,  0.6  mph  threshold 

Temperature  Difference  ±0.1°F 

Absolute  Temperature  ±0.5DF 

Precipitation  to. 01"  Rain 

Solar  Radiation  No  suggestion 

Humidity  No  suggestion 

Snow  Level  ±1" 
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B.5  VISIBILITY  MEASUREMENTS 

The  visibility  will  be  measured  at  least  every   fourth  day  in  co- 
ordination with  the  particulate  sampling  program.  The  visibility  will  be 
measured  at  least  four  times  per  day,  nearly  equally  spaced  throughout  the 
daylight  hours  on  that  day.  The  technique  used  should  measure  1n  the  10 
to  100  mile  range  with  an  accuracy  better  than  +15%. 
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APPENDIX  C  -  AIR-QUALITY  EQUIPMENT  AND  DATA  ANALYSIS 
C.I   INSTRUMENT  SHELTERS  (four) 

(a)  Shelters  will  be  made  of  materials  that  are  completely  non- 
volatile so  that  there  will  be  no  contamination  of  background 
levels. 

(b)  If  commercial  power  is  not  used,  any  power  generation  on  site 
will  not  produce  contaminants  that  may  affect  background  air- 
quality  levels. 

(c)  The  instrument  environment  within  the  shelter  will  be  closely 
regulated.  The  shelter  will  be  weathertight  and  the  tempera- 
ture will  be  maintained  to  within  10°  F. 

(d)  The  shelters  will  be  capable  of  withstanding  heavy  snow  and 

strong  winds. 

(e)  The  shelter  will  be  surrounded  by  a  fence  of  sufficient  size 

to  reduce  possible  vandalism. 

(f)  There  will  be  provisions  within  a  shelter  for  preparing,  weigh- 
ing and  storing  the  High  Volume  samplers. 

C.2  SIGNAL  RECORDERS 

(a)  All  recorders  will  have  an  accuracy  and  readability  of  +  per- 
cent. 

C.3  MEASURING  INSTRUMENTS 

(a)  Gas  monitor  and  particulate  sampler  intakes  will  be  at  least 
ten  feet  above  the  ground. 
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(b)  The  wind  instruments  will  be  located  in  a  clearing  at  10  meters 
above  ground  and  over  75  feet  from  the  instrument  shelter. 

(c)  The  tower  instrument  shelter  will  monitor  the  following  param- 
eters: 

(1)  Nitrogen  Oxides,  Nitrogen  Monoxide 

(2)  Hydrocarbons,  Methane 

(3)  Sulfur  Dioxide,  Hydrogen  Sulfide 

(4)  Carbon  Monoxide 

(5)  Ozone 

(6)  Particulates,  Particle  Sizing 

(d)  A  valley  instrument  shelter  will  monitor  the  following  param- 
eters: 

(1)  Nitrogen  Oxides,  Nitrogen  Monoxide 

(2)  Hydrocarbons,  Methane 

(3)  Sulfur  Dioxide,  Hydrogen  Sulfide 

(4)  Carbon  Monoxide 

(5)  Ozone 

(6)  Particulates 

(7)  Wind  Speed  and  Direction 

(8)  Temperature 

(e)  The  remaining  two  instrument  shelters  will  monitor  the  follow- 
ing parameters: 

(1)  Hydrocarbons,  Methane 

(2)  Sulfur  Dioxide,  Hydrogen  Sulfide 

(3)  Particulates 

(4)  Wind  Speed  and  Direction 

(5)  Temperature 
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(f)  The  instrument  specifications  will  be  as  follows 


Parameter 

Accuracy 

Threshold 

NO,  N02 

2%   of  Full  Scale 

5  ppb 

S02,  H2S 

2%   of  Full  Scale 

5  ppb 

THC,  CH4 

2%   of  Full  Scale 

5  ppb 

CO 

2%   of  Full  Scale 

500  ppb 

°3 

2%   of  Full  Scale 

1  ppb 

Particulates 

+3%  of  Flow  Rate, 

High 

Efficiency  Collec 

tion 

In  the  0.1  to  10 

Micron 

Range 

Wind  Speed 

tit   of  Reading  or 

0.2  mph 

0.6  mph 

Wind  Direction 

13.5° 

0.6  mph 

Temperature 

+0.5° 

DATA  ANALYSIS 

Correlations  of  the  air-quality  parameters  will  be  made  with 
wind  speed,  direction,  month  of  the  year  and  season.  An  attempt  will  be 
made  to  correlate  the  data  with  synoptic  flow  conditions  and  any  other 
parameter  that  may  have  an  effect  on  the  background  data. 

Background  air  quality  averages  will  be  performed  consistent 
with  the  averages  covered  by  the  federal  and  state  air-quality  standards 
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APPENDIX  D  -  CORE  HOLE  PROGRAM:   DRILLING  AND  OPERATING  PLAN 
D.l   INTRODUCTION 

As  co-owners  of  Federal  Tract  C-a  oil  shale  lease,  Gulf- Standard 
propose  a  drilling  program  consisting  of  15  core  holes  on  the  tract.  The 
purpose  of  this  program  is  to  secure  "in-fill"  core  hole  control,  sup- 
plementing the  core  holes  now  on  the  tract,  and  obtain  sufficient  data 
necessary  for  detailed  predevelopment  planning. 

Before  any  on-the-ground  activities  can  commence,  a  drilling 
and  operating  plan  must  be  filed  and  approved  which  sets  forth  the  plans 
to  implement  the  15-core  hole  program.  This  document  is  submitted  to  ful- 
fill that  requirement. 

D.2  CORE  HOLE  INFORMATION 

The  core  hole  locations  are  shown  on  Enclosure  2  and  numbered  1 
through  15.  The  order  in  which  they  are  numbered  does  not  imply  any  prior- 
ity or  order  in  which  they  will  be  drilled.  The  numbering  is  used  only  as 
a  convenience  to  relate  map  core  hole  locations  to  the  text. 

The  locations  have  been  selected  on  topographic  maps  and  have 
yet  to  be  ground-checked  and  surveyed.  They  are  listed  below  using  the 
"quarter-quarter"  system.  Preliminary  access  routes  (Enclosure  4)  to  each 
location  have  also  been  selected  on  topographic  maps  considering  minimum 
disturbance  of  the  terrain  and  maximum  use  of  existing  roads  (see  Access 
for  additional  information  regarding  federal  approval  of  core  hole  sites 

and  access  routes) . 
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CORE  HOLE 

NUMBER  LOCATION 


1  NE  SW  32-1S-99W 

2  NW  SW  33-1S-99W 

3  NE  NW  33-1S-99W 

4  NW  NW  34-1S-99W 

5  NE  SW  34-1S-99W 

6  SE  SE  34-1S-99W 

7  SE  NW  5-2S-99W 

8  NE  SE  5-2S-99W 

9  SE  NW  4-2S-99W 

10  NW  SE  3-2S-99W 

11  SW  SW  9-2S-99W 

12  NE  SW  9-2S-99W 

13  NW  NE  9-2S-99W 

14  SW  NW  10-2S-99W 

15  SE  SE  10-2S-99W 

The  geologic  prognosis  for  each  core  hole  is  summarized  below 
and  is  based  on: 

(a)  Surface  elevations  estimated  from  topographic  maps. 

(b)  The  middle  A-groove  structure  map  or  top  main  oil   shale 
interval   as  shown  on  Enclosure  2. 

(c)  The  main  oil  shale  interval   isopach  shown  on  Enclosure  3 
as  A-groove  to  Blue  marker  interval. 

(d)  An  average  additional   interval   of  250  feet  throughout 
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the  tract  from  the  Blue  marker  to  reach  the  Orange  marker 
as  shown  on  Enclosure  3. 

Each  core  hole  prognosis  may  be  modified  slightly  when  ground 
locations  and  their  surface  elevations  are  surveyed.  In  addition,  as 
the  core  holes  are  drilled  and  new  data  are  obtained,  they  will  be  incor- 
porated into  existing  structural  and  isopach  control  to  monitor  the  entire 
program  from  beginning  to  end.  Each  succeeding  core  hole's  prognosis 
may  be  modified  as  required  contingent  upon  data  obtained  in  each  preceed- 
ing  core  hole.  Total  depths  of  the  two  core  holes  located  in  grabens 
on  Enclosure  2  may  be  modified  considerably  because  the  amount  of  fault 
displacement  is  somewhat  questionable.  In  these  core  holes,  the  depth 
at  which  the  Blue  marker  is  encountered  will  control  their  depths.  In 
all  15  core  holes,  total  depth  will  be  about  250  feet  below  the  Blue 
marker,  sufficient  to  identify  the  Orange  marker  on  mechanical  logs. 

CORE  HOLE  DATUM      DEPTH 


Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 
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7200 

0 

6900 

300 

6025 

1175 

5775 

1425 

7025 

0 

6625 

395 

5725 

1295 

5475 

1545 

6900 

0 

6475 

425 

5550 

1350 

5300 

1600 

7120 

0 

6250 

870 

5290 

1830 

5040 

2080 

CORE  HOLE  DATUM       DEPTH 


5  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

6  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

7  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

8  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

9  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

10  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

11  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

12  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

13  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 

14  Surface  elevation 
Middle  A-groove 
Blue  marker 
Orange  marker,  TD 
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6840 

0 

6300 

540 

5350 

1490 

5100 

1740 

6680 

0 

6200 

480 

5225 

1455 

4975 

1705 

7020 

0 

6935 

85 

6085 

935 

5820 

1200 

7210 

0 

6800 

410 

5925 

1285 

5675 

1535 

7160 

0 

6600 

560 

5700 

1460 

5450 

1710 

7010 

0 

6320 

690 

5380 

1630 

5130 

1880 

7340 

0 

6550 

790 

5680 

1660 

5430 

1910 

7260 

0 

6500 

760 

5625 

1635 

5375 

1885 

7200 

0 

6570 

630 

5680 

1520 

5430 

1770 

7080 

0 

6475 

605 

5570 

1510 

5320 

1760 

CORE  HOLE  DATUM        DEPTH 

15     Surface  elevation  6970  0 

Middle  A-groove  6310  660 

Blue  marker  5410  1560 

Orange  marker,  TD  5160  1810 

The  15  core  holes  total  approximately  25,550  feet  of  hole. 
Continuous  coring  will  begin  in  each  hole  as  soon  as  competent  bedrock 
is  encountered  and  end  at  total  depth  to  obtain  core  data  on  overburden 
characteristics  as  well  as  the  entire  oil  shale  sequence  down  to  the 
Orange  marker.  Oil  yield  assays  will  be  run  at  2-foot  increments  start- 
ing 100  feet  above  the  A-groove  and  ending  at  the  Orange  marker,  total 
depth.  A  total  of  about  18,850  feet  of  core  will  be  assayed.  Extractable 
alumina  and  trace  element  analyses  will  be  run  on  about  eight  selected 
core  holes  spaced  across  the  tract  (See  Section  5.3.5). 

D.3  DRILLING  METHOD 

A  contractor  is  being  selected  and  the  exact  equipment  descrip- 
tion and  details  are  not  yet  available.     However,  bid  specifications  call 
for  drilling  units  capable  of  drilling  to  a  depth  of  approximately  2,000 
feet.     A  National   T-20  rig  with  a  97-foot  Lee  C.  Moore  telescoping  derrick 
would  serve  as  an  example  of  the  type  of  unit  called  for.     At  least  three 
rigs  would  be  operating  concurrently,  each  completing  one  core  hole  in  an 
average  of  14  days.     Anticipated  commencement  date  for  the  program  is 
June  1,  1974. 

The  drilling  fluid  will   be  air-mist.     Air-mist  provides  the  best 
information  for  hydrologic  testing  while  minimizing  chance  for  formation 
of  a  downhole  explosive  mixture. 
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Two  skid-mounted  air  compressors  and  one  booster  per  rig  will 
be  used  to  furnish  the  air  supply.  Gardner-Denver  models  WEN  and  RL 
diesel-driven  piston  are  the  types  of  compressor  units  envisioned.  To- 
gether, the  two  compressors  would  be  capable  of  delivering  1,800  scf/min 
at  a  pressure  of  200  psi.  The  booster  (Gardner-Denver  model  RL)  is  a 
diesel-driven  piston-type  booster  compressor  capable  of  increasing  the 
air  delivery  and  pressure. to  1,000  psi. 

In  the  event  it  becomes  necessary  to  convert  to  water  or  mud 
as  the  drilling  fluid,  a  conventional  rig  mud  pump  will  be  available. 
This  unit  will  be  used  to  inject  water  into  the  airstream  during  air-mist 
drilling. 

An  automatically  operated  blowout  preventer  will  be  installed. 
This  unit  will  either  be  a  Hydril-type  unit  or  a  set  of  blind  and  pipe 
rams. 

D.4  DRILLING  PROGNOSIS 

(a)  Pick  up  6  3/4-inch  X  3  1/2-inch  core  head  and  core  barrel, 
core  approximately  150  feet.  Ream  hole  to  11  inches  and 
run  about  150  feet  8  5/8-inch  or  7-inch  surface  casing. 

(b)  Install  casinghead  flange,  blowout  preventer  and  rotating 
head.  Test  blowout  preventer  and  casing  to  750  psi.  In- 
stall blooie  and  relief  lines. 

(c)  Drill  out  cement  and  casing  shoe  with  6  3/4-inch  bit  using 
water.  Convert  to  air-mist,  go  into  hole  with  core  barrel 
and  obtain  continuous  core  of  entire  interval  to  total 
depth  as  described  under  "Core  Hole  Information."  All  core 
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will  be  obtained  with  air-mist  if  practical.  Foaming  agents 
will  be  utilized  as  necessary. 

(d)  At  total  depth,  all  core  holes  will  be  logged  as  follows 
from  TD  to  surface  casing: 

(1)  Induction  electric 

(2)  Compensated  formation  density  with  caliper 

(3)  Gamma-ray  sonic  with  caliper  (perhaps  with  variable 
density  display  contingent  upon  a  logging  expert's 
evaluation  of  oil   shale  logging  now  in  progress) 

(4)  Engineered  Production  log  (flowmeter-temperature) 

(5)  Neutron  log 

(6)  Borehole  televiewer  (to  be  tested  on  one  hole 
initially) 

(e)  Three  holes  will  be  abandoned  as  directed  by  the  Mining 
Supervisor  and  12  will  be  retained  open  to  obtain  addi- 
tional ground  water  data. 

(f)  A  geologist  will  be  on  location  to  describe  all  core  with 
particular  attention  to  fractures,  joints,  occurrence  of 
nahcolite  and  natural  bed  partings;  the  last  being  important 
to  future  selection  of  potential  roofstone  in  underground 
mines.  He  will  also  be  responsible  for  supervising  core 
packaging  for  shipment  to  an  analytical  laboratory. 

(g)  Gas  samples  will  be  taken  at  the  A-groove,  B-groove  and 
total  depth  and  analyzed  for  hydrocarbons ,C02  and  H2S. 
Should  gas  be  detected  in  the  drilling  fluid  at  any  other 
time,  a  sample  will  be  collected  and  analyzed. 
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D.5  HYDROLOGIC  TESTING 

As  shown  on  Enclosure  2,  several  of  the  core  holes  will  be  used 
for  hydrologic  testing  described  in  another  section  of  the  Exploratory 
Plan. 

D.6  ACCESS 

Gulf-Standard  will  arrange  for  surveying  and  staking  of  each 
drill  site.  Tentative  access  roads  are  shown  on  Enclosure  4.  Federal  rep- 
resentatives will  be  invited  to  visit  each  location  with  Gulf-Standard 
personnel  and  an  earthwork  contractor  for  federal  approval  or  modifica- 
tion of  each  site,  its  preparation  and  its  access  road. 

A  minimum  surface  area  will  be  disturbed.  Topography  will  be 
utilized  and  the  specific  drill  sites  and  access  roads  selected  to 
harmonize  with  the  existing  landscape.  Existing  roads  will  be  used  as 
much  as  possible. 

Additional  roadwork  will  be  required  for  some  locations.  A 
minor  amount  of  brush  clearing  will  be  needed  for  access.  All  such  work 
will  be  closely  supervised  to  assure  it  is  completed  with  minimum  dis- 
turbance to  vegetation  and  topography. 

D.7  DAMAGE  TO  IMPROVEMENTS  OTHER  THAN  ROADS 

No  damage  to  fences,  gates,  water  structures,  etc.,  is  antici- 
pated. Where  it  occurs,  it  will  be  repaired  as  quickly  as  possible  or 
appropriately  compensated  for.  Survey  monuments,  public  or  private,  will 
be  protected.  However,  if  one  is  accidentally  damaged  or  obliterated,  the 
federal  or  other  injured  party  will  be  compensated  for  its  restoration. 
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D.8  HOUSING 

Drilling  crews  will  be  transported  daily  to  and  from  the  tract. 
Emergency  housing  will  be  provided  in  the  first-aid  trailer  (see  Section 
lO.Ofor  description  of  these  facilities). 

Self-contained  trailers  will  be  used  from  time  to  time  in  the 
field  as  required  by  the  drilling  superintendent,  geologist  and  hydrologist 
who  supervise  these  activities.  These  will  be  removed  when  the  core  hole 
program  is  completed. 

Permanent  housing  and  services  related  to  community  or  urban 
development  will  not  be  required  because  all  of  the  employment  is  transient 
in  nature. 

D.9  WATER-POLLUTION  CONTROL 

As  previously  noted,  air-mist  is  the  planned  drilling  fluid. 
Should  water  flows  be  encountered  in  large  quantities,  it  will  be  im- 
pounded and  either  be  allowed  to  evaporate  or  be  disposed  of  as  recom- 
mended by  the  Mining  Supervisor.  Should  the  quantity  of  water  be  too  great 
to  continue  drilling  with  air-mist,  the  prognosis  calls  for  converting 
to  mud  or  water  as  the  drilling  fluid.  In  this  case,  there  will  be  on- 
site  tankage  for  storing  drilling  fluids.  In  the  event  mud  is  used,  it 
will  be  disposed  of  upon  completion  of  the  hole  as  directed  by  the  Mining 
Supervisor. 

The  Water  Quality  Standards  for  Colorado  and  any  other  regula- 
tions of  the  Colorado  Water  Pollution  Control  Commission  will  govern  actions 
at  the  drill  sites.  Contaminants  or  pollutants  will  be  controlled  and  pre- 
vented from  entering  water  sources  or  supplies.  Privately  owned  water  will 
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not  be  used  without  the  written  consent  of  the  owner.  Appropriate  federal 
and  state  agencies  will  be  kept  informed  on  water  quantities  that  the 
holes  produce  during  drilling. 

No  equipment  or  part  of  the  operation  will  be  within  75  feet  of 
a  stream  channel  other  than  at  crossings.  Mud  pits  and  pits  used  for 
hydrologic  testing  will  be  placed  and  operated  to  assure  that  the  adjacent 
stream  bed  will  not  be  polluted. 

D.10  SAFETY  OF  PUBLIC  AND  LIVESTOCK 

The  drill  hole,  excavations  and  improvements  shall  be  condi- 
tioned at  all  times  to  prevent  injury  to  persons,  livestock  and  wildlife. 
All  operations  shall  be  conducted  in  a  safe  workmanlike  manner.  The 
general  area  surrounding  the  operations  shall  be  available  to  the  public 
for  uses  including,  but  not  limited  to,  livestock  grazing,  hunting, 
fishing,  camping,  hiking  and  picnicking,  except  where  such  uses  may  be 
unsafe  to  the  user.  Livestock  will  not  be  unnecessarily  disturbed. 

D.ll   VEGETATION  AND  WILDLIFE 

Disturbance  of  vegetation  shall  be  kept  to  a  minimum.  Habitat 
disturbance  will  be  kept  to  as  small  an  area  as  possible,  ^ery   little 
vegetation  of  commercial  value  beyond  grazing  land  occurs  in  the  area; 
but  where  products  of  corrmercial  value,  such  as  posts,  poles,  firewood, 
stone  or  sand  must  be  removed,  the  Mining  Supervisor's  attention  will  be 
directed  to  it  in  order  for  him  to  direct  the  disposition  thereof.  Areas 
stripped  of  vegetation,  such  as  drill  sites,  will  upon  completion  of  the 
program  be  reseeded  and  the  desirable  vegetation  re-established.  The  kind 
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and  quantity  of  seed  used  and  time  of  seeding  will  be  at  the  direction  of 
the  Mining  Supervisor. 

D.12  SOLID  WASTE  DISPOSAL 

A  core  program  utilizing  air-mist  generates  very  small  quanti- 
ties of  solid  wastes.  These  will  be  disposed  of  at  the  well  site  pit. 
Oil  cans,  lunch  sacks,  filters,  cement  sacks  and  such  will  be  buried  in 
a  designated  pit  or  removed  from  the  site  and  disposed  of  at  an  existing 
sanitary  fill.  Open  burning  will  not  be  done  without  first  securing  a 
permit. 

D.13  ANTIQUITIES  AND  FOSSILS 

If  in  the  course  of  the  program  anything  is  found  that  is  sus- 
pected of  being  an  object  of  scientific  or  historic  interest,  such  as  a 
prehistoric  ruin,  megafossil  or  artifact,  no  further  activity  that  might 
damage  it  will  be  undertaken  and  the  Mining  Supervisor  will  be  notified 
immediately. 

D.14  OTHER 

There  is  no  foreseeable  reason  why  explosives  would  be  used 
in  the  core  hole  program.  Before  ordering  any  explosives,  an  applica- 
tion for  a  permit  to  store  and  handle  explosives  would  be  submitted  to 
the  Colorado  Bureau  of  Mines. 

No  operations  will  be  conducted  which  would  interfere  with  the 
orderly  development  and  production  of  existing  oil  and  gas  leases  cover- 
ing the  same  lands. 
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In  the  event  a  potable  water  aquifer  is  penetrated,  the  Mining 
Supervisor  will  be  notified. 

If  questions  arise  relative  to  surface  control  or  drilling, 
the  Mining  Supervisor  will  be  consulted  immediately.  All  federal  and  state 
laws,  regulations  and  standards  relating  to  air,  water,  land  and  noise 
pollution  will  be  obeyed.  All  operations  will  comply  with  applicable  fed- 
eral and  state  mine  safety  laws,  regulations  and  standards. 

All  operations  will  be  coordinated  with  and  reported  to  the 
office  of  the  Mining  Supervisor. 

For  Gulf-Standard  (Indiana) 


By  £iL+a«^   tf.    ^A 
Date  hfAAA  /f    /?  7*/ 


Drilling  and  Operating  Plan  Approved 

By 

Date 
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TWO  LANES  PAVED 

GRAVELED 

COMPLETED 
^OPEN    ALL  SEASONS 

BUILT    IN     1965 

COMPLETED 

STATE  HWY  DEPt 

RIO    BLANCO   COUNTY 

N  A. 

N    A 

N   A 

N   A 

N  A 

N.A. 

12  9       MILES 

16'  0" 

IMPROVED     DIRT 

BUILT     IN'    1971 

COMPLETED 

BUREAU     OF    LAND    MANAut  Mf  Ml 

N  A 


3  8    MILES 
16'-  0" 


IMPROVED    OIRT 
NEW    CONST 


(LESSEE) 
SLUP»_GULf       STANDARD 

S  L  UP 


STANDARD  -(LESSEE) 


GULF-  STANDARD 
[   GULF-   STANDARD 


7  4     Ml  LES 

IMPROVED     DIRT 

NEW     CONST 
S  L  U  P  — ^  TRAM  PERMIT,  ! 

8ULE;  STAN.DAaD,^lLESS£E)     'j 
T]YES|  P      ](ES  [  VT  £ 


GULF-  STANDARD    (LESSEE) 
GULF-  STANDARD    (LESSEE) 


^ 


8,000 


7,000 


6,000 


5,000 


DRILL   HOLE   ACCESS 
ROADS    -     SEE 
DETAILS     ABOVE 
UNDER    TYPICAL 
SECTION   8    REMARKS 


5'! 


l\ 


TYP 

SE 

SAME    AS 

A 

RANGELi 

ST 

\ 

'      Mil 

IMPgQVJ 

NEW     CON 

GULF -STAND* 
S  LU  P 


A 


2 


i 


R 


MEEKER 


R  95  W 


"-"t 


CURRENT 
POPULATION 

678 

FACILITY 

CAPACITY 

CURRENT 

%  USED 

WATER 
TREATMENT 

1900 
PEOPLE 

88% 

SEWER 
TREATMENT 

2000 

PEOPLE 

84% 

SCHOOL 

900 
PUPILS 

76% 

'  HOSPITAL 

l     _ 

20  BEDS 

30% 

/ 


/ 


14   W 


LEGEND 


t 
0 


STATE  ROADS 
COUNTY  ROADS 

B  L.M      ROADS 
NEW     CONST 


?* 


-) 


/ 


,<P*-" 


qx 


R  IFLE 


CURRENT 
POPULATION      25C 

' CURRENT 


<& 


S 


¥ 


X 


\ 
\ 


< 


.. 


-y 


2. 


NC   SCALE 


-x 


41       MILES 


|    FACILITY 

WATER 
TREATMENT 

SEWER 


MEEKER  TO  RIFLE   TREATMENT 
SCHOOL 

'  HOSPITAL 


CAPA 

2700     i 
PEOPLE 

4  5  00 
PEOPLE 

1520 
PUPILS 


%    USED 
93% 

56% 

93% 


y 


L 


X 


32  BEO^1     40% 


EXISTING     a    PROPOSED    TEST     HOLES 

EXISTING     ROADS 

PROPOSED    ROADS 


TYP    SECTION 
SAME    AS    /4_^      TO     _|\ 
RANGELY    ACCESS 
COLORADO 


4 


2 

S 

24'-0 

£    ROADWAY 


TYP      SECTION 
RYAN    GULCH      ROAD 


I 


LE 


MEEKER 


8,000 


DRILL  HOLE  ACCESS  ROADS  (IN  TRACT  C-a  ) 

TYP ICAL    SECTION    8     REMARKS 

f— ■ ~r—  12-0"  MIN — 1       CLEARED    AREA 

:^g^^^SC~    .    PASSABLE    WITH 

"DRILL    RIG    a 
6"SURFACING  SUPPLIES. 

ROAD    DESCRIPTION,         MILES     REQUIRED 

EXISTING   R0AD5>   MEETING   ABOVE    TYPICAL    SECTION 
WITH    MINOR   OR  NO   IMPROVMENTS  10.6 

EXISTING    JFEP   ROADS   REQUIRING    MINOR    IMPROVEMENTS 
TO    MEET    ABOVE    TYPICAL  SECT  ION  0.5 

NEW    ROADS    TO-BE-BUILT    TO    MEET     ABOVE 
TYPICAL     SECT  ION  .  4.7 

NEW    ROADS    TO-BE-BUILT    FOR   MINIMAL    ACCESS 
NOT   CLEARED    AND  NOT   MEETI NG    ABOVE    TYPICAL 
SECTION  0.2 


LEGEND 


STING 

0       COREHOLE 

P       DRY     HOLE 
<-       POWER    LINE 


PROPOSED 


#       COREHOLE 

@       DRILLED    HOLE  ON  TRACT   FOR 

HYDROLOGIC   TESTING 
A       PUMP   TEST   HOLE 

©        SHALLOW     HOLE    FOR    ALLUVIUM 
WATER    MONITERING 

<$>       SURFACE    WATER      GAGING    STATION 
®       RAINFALL     INTENSITY    GAGING    STATION 
FIRST    AID    STATION  AND   FIELD    OFFICE 


T 


PlCEANCE    CREEK    ROAD  STATE      HIGHWAY    64 


METEOROLOGICAL    STATION 
AIR    QUALITY    MONITORING    STATION 
-    — POWER   LINE 

NOTES 

S  l  U  P  (SPECIAL  LAND  USE  PERMIT)  REQURIED 
FOR  UPGRADING  OF  EXISTING  BUREAU  OF  LAND 
MANAGEMENT    ROADS 


RIFLF 


CURRENT 
POPULATION      2U 

CURRENT  I 


9"'' 
< 

/ 
/ 

1 

/ 

/ 

\ 

— V 

f 

/ 

/ 

*£- 

41       MILES 


FACILITY 

WATER 

TREATMENT 

SEWER 


-MEEKER  TO  RIFLE   TREATMENT 
SCHOOL 

•  HOSPITAL 
I 


CAPACITY^    USECLJ 

2700 
PEOPLE 


93% 


4  5  00 
PEOPLE 

1520 
PUPU.S 

32  BEDS 


/ 


L 


> 


< 


w 

NO   SCALE 

Fx  !  STING 

COREHOLE 

DRY     HOLE 

-,,     , , ,,_ 

POWER    LINE 

56% 
93% 


40% 


EXISTING     8    PROPOSED    TEST     HOLES 

EXISTING     ROADS 

PROPOSED    ROADS 


TYP    SECTION 

SAME    AS    /4_^      TO      _6\ 

RANGELY    ACCESS 

COLORADO 
STATE    LANDS 


2 

S 

24'-0"  - 

%.    ROADWAY 

TYP      SECTION 

RYAN    GULCH      ROAD 
8  6       MILES 


l      MEEKER 


8,000 


T 


PICEANCE    CREEK    ROAD 
i6    I.    M- 


STATE      HIGHWAY    6  4 
20  0      MILL 


SCALE    I  "  =   2  MILES 


-1    5,000 


MILES 

ACCESS        FROM        EAS 


L  EGEND 


PROPOSED 


#       COREHOLE 

\oj       DRILLED    HOLE  ON  TRACT   FOR 

HYDROLOGIC    TESTING 
A       PUMP    TEST   HOLE 

©        SHALLOW     HOLE    FOR    ALLUVIUM 
WATER    MONITERING 

<^>       SURFACE    WATER      GAGING    STATION 
®       RAINFALL    INTENSITY    GAGING    STATION 
FIRST    AID    STATION  AND   FIELD    OFFICE 


AL    STATION 
AIR    QUALITY    MONITORING    STATION 
—  -     POWER   LINE 

NOTES 

SLUP  (SPECIAL  LAND  USE  PERMIT)  REQURIED 
FOR  UPGRADING  OF  EXISTING  BUREAU  OF  LAND 
MANAGEMENT    ROADS 

TWAM    PERMIT   (43   CFR  2810)    REQUIRED    FOR 
NEA     ROAD    CONSTRUCTION.    SURFACING    TO  BE 
REQUIRED    ON    STEEP    SLOPES     AND/OR    POOR 
DRAINAGE     AREAS    AS    DETERMINED    IN    THE 
FIELD 

AIR     QUALITY     MONITORING     STATION    NM    WILL 
BE    INITIALLY     LOCATET    AT   THE   EXPECTED 
POINT     OF    MAXIMUM    CONCENTRATION,    THE 
STATION    SHALL     BE   MOBIL    AND   WILL    MONITOR, 
AT     INTERVALS,  ON   A  REGULAR    BASIS 


G   7     MILES 


16'  0" 
IMPROVED     ;iRT 

NEW     CONST 

GULF  -STANDARD  (LESSEE' 
SLUP  YES     SLUP 


8   6     MILES 

■■ROVED    DIRT 
C0MPLE1 


161      MILES 


.TWO    LANES    PAVED 


COMPLETED 
OPEN     ALL    SEASONS 

13LANC0     COUNTY 


200    MILES 


TWO    LANES    PAVED 


COMPLETED 
OPEN      ALL    SEASONS 

STATE    HWY    DEP'T 


9LANC0    CO 


N  A 


STATE   UPGRADING  PENDIN 


N    A 


N    A. 


N     A 


N     A 


GULF-STANDARD  (INDIANA) 
EXPLORATORY    PLAN 

FED.  TRACT    C-a 

OIL  SHALE 

RIO    BLANCO  COUNTY,  COLORADO 

SUPPORT  ROADS  AND  FACILITIES 

PREPARED   WESTERN    ENGINEERS,  INC   GRAND  JCT,  COLO              ENCL     NO    4 

